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PREFACE.

In introducing a new book on Colour Science at the

present time, one almost requires to do so with a

preface of apology, as there are already many excel-

lent works on the subject. But the writer, along

with other colourists, has experienced the want of

a book dealing in a practical manner with the science

of mixing ordinary colours and dyes, and thus made

applicable to the common everyday duties of the

dyer and the colourist. Theoretical knowledge alone

cannot make a successful colour mixer ; but it certainly

proves of great value in explaining the true causes of

failure, and in directing the conditions which lead to

success.

The writer here wishes to express his thanks to

the firm of Meister Lucius & Briining, who have very

kindly furnished him with the beautiful dyed patterns

to be found in the Appendix.

It is hoped that the treatment of the subject in

these pages may prove helpful, not only to the prac-

tical colourist, but also to students of our Textile

Colleges, by forming a useful complement to their

class lectures.

D. P.

Lea Bank,

Rosslyn, Midlothian.

May, 1900.
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THE

SCIENCE OF COLOUR MIXING.

CHAPTEK I.

COLOUR A SENSATION—LIGHT WAVES—OBJECTS LUMINOUS AND
ILLUMINATED—COLOURS OP ILLUMINATED BODIES—PRO-
DUCTION OP COLOUR BY ABSORPTION—DIFFRACTION-
DISPERSION—FLUORESCENCE—COLOURS OF OPAQUE AND
TRANSPARENT BODIES—SURFACE COLOUR.

n
.-

Before proceeding at once to study the principles which

underlie the art of mixing colours and dyes, it may be well

to review a few elementary facts in regard to colour itself.

§ 1. COLOUR A SENSATION.—The science of colour

teaches us that what we call colour is merely a sensation,

and has no actual existence in the external world. Colour

does not form an inherent physical quality of the coloured

body. The sensation of colour is produced in a variety of

ways, but pre-eminently by the action of Light on the retina

of the eye.

Luminous bodies transmit to the light-bearing medium
(luminiferous ether) a state of excessively rapid vibration, and

when these vibrations or " waves " impinge upon the fibres

of the optic nerve they produce an excitement of that

nerve, which, on being conveyed to the brain, is in some
mysterious manner translated into the sensation we call

light and colour. Colour is, however, independent of light,

:
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THE SCIENCE OF COLOUE MIXING.

and may be produced by external means. To " see stars,"

when the eye receives a blow, is a common enough ex-

pression, describing a well-known phenomenon.

If the eyeball be gently pressed with the fingers various

different colours are seen, which, as Newton himself de-

scribed, "resemble the colours of a peacock's tail". As

early as 1795, Pfaff, a German physicist, showed that by

means of an electric shock on the eyes a series of flashes

of light were visible in a totally dark room. The sensation

of colour is produced even without external aid, as when

the sick person sees certain undefined coloured images

floating before the eyes ; a fact which, not unusually, gives

rise to the idea of seeing ghosts. These few examples go

to prove that what we call light and colour are merely

sensations within the eye itself, caused by the optic nerve

being excited, and have really no external existence.

§ 2. The Undulatory or Wave Theory of Light beautifully

explains the many complex phenomena of light, but the

subject of colour physics lies beyond the scope of this little

manual. The light waves are of different lengths, varying

from 33^00 of an inch to about 6 sooo of an inch. The

longest undulations which affect the nerves within the retina

produce the sensation of red, while the shortest produce the

sensation of violet. These light waves may also be indicated

by their speed, or rapidity of vibration ; the waves producing

the sensation of red being the slowest, while the most rapid

undulations give rise to the sensation of violet. Vibrations

which are slower, and therefore longer, than those of the red

waves do not affect the eye as light, but are invisible rays

of heat ; while waves that are shorter and more rapid than

even the extreme violet are also invisible, and are termed

the chemical or actinic rays When we speak of slow waves

of light we must remember that the term is purely a relative

one, as the slowest visible light waves producing the sensation



LIGHT WAVE THEOEY.

of red undulate at the immense speed of 390,000,000,000,000

times per second of time. Or in other words, when the

sensitive retina of the eye receives 390 billions of beats or

vibrations per second, there is produced the sensation of

a red colour. If the vibrations increase in rapidity to

770,000,000,000,000 per second the eye perceives a violet

colour. Between these two extremes of wave speeds there

lies an indefinite variety of waves of different velocities or

wave-lengths, all merging into each other, and producing

the sensations of orange, yellow, green, blue and violet

colours. The shorter the wave-length of the colour the

further will it be removed from red.

§ 3. OBJECTS LUMINOUS AND ILLUMINATED Every
object we see is visible either because it gives out light of

itself and is therefore self-luminous, or because it reflects

light from its surface. The flame of a candle or a lamp, a

glowing piece of coal, or the sun, are simple examples of

self-luminous objects which emit streams of luminous rays

in all directions. Colours are often described as luminous

when they reflect a large amount of light to the eye, and
are clear and bright.

Illuminated bodies are those which reflect borrowed light

to the eye, and the quantity and quality of the reflected light

vary with each object. A piece of polished metal, or a sheet

of glass, for example, when held at the proper angle reflects

nearly all its incident light ; w^hile, on the other hand, a

piece of black velvet reflects no light whatever, and gives to

the eye the impression of absolute darkness. The less light

the object reflects the less visible it becomes. This may be

illustrated in a simple manner by allowing a drop of oil to

fall on a piece of white paper. By doing so the innumerable

little surface reflections of the paper are destroyed, and the

surface therefore can no longer reflect to the eye its incident

light. Instead of being reflected, the light is transmitted through

I

j

1

H

Bh

1
j



n^^^H^i

.
'.:V:

[

4 THE SCIENCE OF COLOUR MIXING.

the oiled part, and is lost to the eye which views the surface.

This explains the dark grey appearance of an oiled spot on

paper. The paper is thereby rendered less opaque, and this

simple fact forms the basis of the oiled tracing paper or

cloth employed by architects and engineers. An experi-

ment the reverse of this may be made with a piece of

colourless transparent glass. The light is freely transmitted

through the glass ; and, if no ray of light be reflected from its

surface, the glass itself will be invisible. If, however, the

glass be crushed to a fine powder, so that innumerable little

particles of it reflect the light, then it will present the

appearance of a white and almost opaque body.

§ 4. COLOURS OF ILLUMINATED BODIES—When day-

light is passed through a glass of perfectly pure water, it

will appear absolutely clear and colourless ; but if the light

be transmitted through a thickness of three or four feet of

the same pure water, it will be observed that the light is no

longer colourless, but has acquired a decidedly bluish tinge.

Some of the rays of light, in passing through the water, have

become absorbed or quenched, leaving the bluish-coloured

rays to predominate. If, to the glass of pure water, we add

a few drops of magenta solution, we will observe the same

phenomenon of absorption, but intensified to a much greater

degree. The white light, in passing through the magenta

solution, has become robbed of its bright yellow, yellow-

green and green rays, and the remaining red, blue and violet-

coloured rays combining together in the eye give the

sensation of the bluish red or magenta colour. The different

quality of the light reflected or transmitted by bodies gives

to them their variety of colour. If a substance reflects the

rays of the sun all in equal proportion, it will then appear to

the eye of the same colour as the light which illuminates it,

i.e., white or grey. Thus, objects which are white by day-

light appear yellow by yellow light, green by green light, or
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red by red light. But, if the body reflects, as in the

majority of cases, some rays in larger proportion than others,

it will appear coloured, and that colour will consist of the

mixture of all the coloured rays which are reflected. We
have already seen (§ 2) that white sunlight consists of six

principal colours—red, orange, yellow, green, blue and violet

—all marvellously blended together, and, by the admixture

of these colours in various proportions, is produced all the

endless variety and beauty of colour to be found in art and

nature. But if the light under which a coloured material is

examined be composed solely of one kind of coloured rays,

or what is termed a monochromatic light, then arises a very

different state of matters. The material, no matter how
brightly coloured or dyed it may be in daylight, will reflect

only that single colour, or none at all. Red, yellow and blue

colours, when examined under a ruby lamp, will be found to

lose their bright variety of hue. The red will appear a pale

red, the yellow appears a lighter tint of red, while the blue

appears a black. A simple and instructive experiment is to

take a pattern sheet containing a variety of beautiful dyed

colours and view it under a monochromatic yellow light,

obtained by sprinkling common salt on the wick of a spirit

lamp. It will be seen that, under such a light, colours cannot

be distinguished from each other ; reds, blues, pinks, greens,

etc., all appear of the same yellowish grey, deepening into

black. Such an experiment shows to us that variety of

colour depends altogether upon the quality of the light which

illumines, and that the wide variety of hues seen in daylight

is owing to the great number of different kinds of coloured

rays, of which the light itself is composed. The slight

differences noticed in the appearances of dyed shades, especi-

ally the blue and violet class, when viewed under artificial

lights are due to the same cause; i.e., a deficiency in the

light of certain blue and violet coloured rays in comparison

"
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6 THE SCIENCE OF COLOUR MIXING.

with sunlight. The endless number of hues present in

nature arise from the different degrees and methods in which

the light is affected.

§ 5. PRODUCTION OF COLOUR The colours of natural

objects are produced, not by one method alone, but by several

different phenomena of light. These, with the exception

of absorption, which is of special interest to dyers and all

colourists, will be but briefly noticed here ; and, should the

student desire further information on these beautiful and

interesting phenomena, he is referred to the larger text-books

on Colour.

§ 6. Absorption,—This is the commonest way in which

colour is produced. The colours of dyes, pigments, stained

glass, the innumerable tints of flowers, leaves, rocks, etc., are

all examples of the selective absorption of certain coloured

rays of the sunlight, with the reflection or transmission of

others. For example, the blue pigment known as French

ultramarine reflects to the eye nearly 40 per cent, of the

green-blue, blue and blue-violet rays ; while the remaining

rays, consisting of red, orange and yellow, are absorbed

within the pigment. Thus the blue colour of ultramarine

is due to its quenching all those rays from red to yellow,

and reflecting the remainder, i.e., from green to violet, which

combine, within the eye, to give the sensation of an ultra-

marine blue colour.

Another simple example may be seen in the brilliant

pigment, emerald green. This colour is found to reflect to

the eye nearly 70 per cent, of the pure yellow-green, green

and blue-green rays of the spectrum, and 25 per cent, of

the blue and violet ; while the red, orange red and orange

are completely extinguished.

Likewise the brilliant red colour known as vermilion

absorbs all the violet, blue, green-blue and green rays, leaving

only the yellow, orange and red rays to be reflected. The
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light reflected from vermilion consists of 90 per cent, of the

orange and red rays, hence its characteristic scarlet-red

colour. As this phenomenon of absorption of certain rays,

with the reflection of the others, produces the innumerable

shades commonly found in nature, and gives to the artist and

the dyer their many varieties of colour, it is by far the most

important of all colour phenomena to the colour mixer, and

will accordingly be treated specially in a subsequent chapter.

§ 7. Diffraction, or Interference. — This phenomenon,

which depends upon the behaviour, or what is termed

the interference, of the waves of light, under special

circumstances, gives rise to the most beautiful display of

colours. The gorgeous hues of the soap bubble, or tar

films upon water, the feathers of the peacock, hummingbird,

and other foreign birds, the iridescent colours on the wings

of beetles, of antique glass, mother-of-pearl, the delicate

tints of the opal, etc., are all examples of "interference"

or diffraction colours. The beautiful colour combinations

seen by viewing crystals in polarised light are examples of

the same class.

§ 8. Dispersion—As this third phenomenon of light

displays the most exquisite colours, it forms, like diffraction,

one of the most fascinating studies for the scientific colourist.

In this method of colour production the rays of sunlight

undergo neither absorption nor interference, but are simply

separated, or dispersed, on account of their different wave-

lengths, or what is termed refTangibility. The beautiful band
of colours known as the spectrum, obtained by passing light

through a prism (see Chap. II.), the colours of the rainbow,

or the sparkling dewdrop, glowing with emerald and ruby,

are examples of dispersion colours.

§ 9. Fluorescence Certain substances and liquids,

when illuminated with daylight, emit a peculiarly coloured

light, which is termed fluorescence. A piece of uranium
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glass and a solution of sulphate of quinine give respectively

a bluish-green and a purplish-blue fluorescent light. Crystals

of anthracene show a beautiful violet fluorescence, while

some of the coal tar colours, such as the eosines, rhoda-

mine, etc., "fluoresce" an orange or reddish hue. The
bluish " bloom " seen on mineral oils is also due to the same

phenomenon. Resorcine blue and uranin yellow—both aniline

colours—are splendid examples of fluorescent substances. An
alcoholic solution of chlorophyll, or the green of leaves and

plants, shows a claret-red fluorescence. This phenomenon

is closely related to that of phosphorescence.

§ 10. COLOURS OF OPAQUE BODIES An opaque body

which reflects to the eye from its irregular surface all the

rays of incident light in equal proportion, will appear of the

same colour as the light which illumines it. Thus a piece of

chalk or white paper is white in daylight, yellowish in a

yellow artificial light, red in a red light, or green in a green-

coloured light. But, in most cases, objects absorb within

themselves certain of the rays of light, and reflect the re-

mainder, which combine together, as they enter the eye, to

produce what we know as the colour of the object. Ver-

milion and aniline scarlet, for example, quench or absorb all

the coloured rays of the spectrum, except those of the red

and orange red, which are reflected, and these rays give to

them their characteristic red colour. If, however, a piece of

cloth dyed scarlet, or an object painted with vermilion, be

illumined with a green or a blue light, they fail to reflect

any of these blue or green coloured rays, and consequently

they appear black. This partly explains the reason why red

objects, such as a stick of red sealing-wax, a scarlet poppy,

or a soldier's red tunic appear black when seen late in the

evening when the sun has set, or in the dusk when the day-

light is of a very blue quality.

Objects which absorb to themselves all the rays of light

—
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and reflect none to the eye are therefore devoid of all light

or colour and appear black ; and the state where an equal

proportion of rays is absorbed, and the other reflected is

termed grey ; being intermediate between white and black.

§ 11. BODY COLOUR—If the light penetrates for a short

distance into the substance, and is then reflected out again,

it will generally appear coloured if any selective absorption

takes place within the body of the substance. That is,

if any of the light rays are absorbed during their passage,

the substance will appear coloured by the light which is

reflected.

§ 12. Colour of Transparent Bodies.—If a transparent

substance absorbs certain coloured rays, and transmits others,

it will appear coloured from the combination of the trans-

mitted rays.

§ 13. Surface Colour.—Other substances reflect certain

rays from their surfaces and transmit the remaining rays.

Thus, for example, gold reflects from its surface the orange

and yellow rays which give to it the characteristic golden

colour ; but, if gold be made sufficiently thin—as in gold leaf

—to become transparent, it will be found to transmit the blue

and green rays. This phenomenon of surface colour, or what

is sometimes termed metallic reflection, may be observed in

many of the coal tar colours, such as magenta crystals,

eosine, methyl violet, some aniline greens, blues, and others.

Colours of such a nature appear of a different hue according

as they are viewed by transmitted or reflected light. Indigo

powder, for example, is a blue colour, yet when it is pressed

so as to show a polished surface, or when it is crystallised, it

gives a coppery reflection. The crystals of magenta show a

dark green reflex like the wings of certain beetles ; while

they transmit when dissolved a beautiful magenta-red colour.

Methyl violet reflects a clear, greenish-yellow light. Many
aniline greens and blues, such as malachite or benzaldehyde



i

^

m

m
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green, victoria green, china green, aniline blue, alkali blue,

etc., show a coppery red or a brownish metallic lustre. Al-

though dyers and colourists soon get accustomed to these

phenomena, it is nevertheless remarkable that a green crystal

should give a red solution, and a greenish-yellow substance

give a beautiful violet. These facts seldom fail to arouse

astonishment among those who see the aniline dyes dissolved

for the first time. This reflex depends greatly upon the

chemical constitution of the colour salt ; thus, with the

malachite green group the crystallised oxalate salts show a

golden yellow, a yellow green, or a green lustre, while the

zinc double salts of the same bases show generally a coppery

or a red-brown reflex. Metallic reflection colours may be

readily seen by making a strong alcoholic solution of these

dyes, and allowing a few drops to evaporate on a glass plate.

Their reflected and transmitted colours can thus be readily

examined. Generally, the colour of the light transmitted and

of the light reflected are complementary to each other, i.e.)

if the two coloured lights were combined they would again

form white light.

As:



CHAPTER II.

ANALYSIS OF LIGHT—SPECTRUM—HOMOGENEOUS COLOURS-
READY METHOD OP OBTAINING A SPECTRUM—SIMPLE
ABSORPTION SPECTRA—AID OP SPECTROSCOPE.

I

§ 14. If a ray of ordinary sunlight be passed through a

wedge-shaped piece of glass called a prism, the path of the

light will be bent or refracted, and at the same time the light

will be separated or dispersed into a series of the most

beautiful colours. This series of colours is called the spectrum,

a word which simply means an image or likeness (Latin

spectrum, an image). When carefully examined the solar

spectrum is found to consist of six well-known colours—red,

orange, yellow, green, blue, violet. This experiment was first

made by Sir Isaac Newton in 1665, who thoroughly in-

vestigated the complex nature of light ; but, nearly 150 years

previous to this, the astronomer Kepler had first demonstrated

its compound nature. We have already seen (§ 2) that the

longest visible light waves produce the sensation of red
;

while the shortest or more rapid vibrations produce to our

eye the sensation we call violet, and between these two
extremes are a vast number of intermediate wave-lengths all

merging into one another. Thus between the extreme red

and the yellow we find many gradual steps, representing

bright cherry red, orange red, orange, and orange yellow.

Again with a gradual diminution in wave-length the yellow

merges into yellow green, then into a pure green, and from
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green, by a great number of insensible gradations, the light

changes to blue, violet blue, and finally to violet. White
light, therefore, is composed of a great number of differently

coloured rays, distinguishable from one another by the

rapidity of their vibrations, or, in other words, by the length

of their waves. With the aid of the prism these rays of light

B

Fig. 1.—Showing refraction of light and production of spectrum by

means of the prism.

of different wave-lengths are separated or " dispersed," and

spread out in the spectrum in a beautiful series of colours,

all arranged according to their respective wave-lengths.

The following illustration (Fig. 1) shows how, with an in-

expensive glass prism, we might perform this famous experi-

ment of Newton's for ourselves. (A) represents a slit whereby

the light is admitted into a dark room. The beam of light
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(B) in passing through the glass prism (C) is bent or re-

fracted out of its course, and in being so, is analysed into

its various component rays which go to form the spectrum

(D), which can be received on a white screen (E). If we

begin at the top of the spectrum nearest the spot B, which

represents the direction the beam of light would have taken

had it not been refracted by the prism, we find that the first

colour is red, then orange, yellow, green, blue, while the

light most refracted is violet.

B

Fig. 2.—Showing homogeneous nature of spectrum colours : green not

further decomposed.

Be'

H*.:'<

§ 15. What is termed the refrangibility of a colour (re,

again, and frango, I break in pieces) is the extent to which

the colour is refracted or bent in its passage through the

prism. Hence red and orange are described as colours of

" low refrangibility," and colours of a " high refrangibility,"

or those " belonging to the more refrangible end of the

spectrum," are understood to be the blue and violet class.

§ 16. The colours of the spectrum consist of unmixed or

• i

K
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homogeneous lights, and they cannot be further decomposed

into any other colours. Thus, for example, the green or the

violet rays of the spectrum, when passed through another

prism, undergo refraction as usual, but they are not decom-

posed into yellow and blue, or red and blue as we might have

imagined ; but remain the same colour, showing that they

i

Fig. 3.—Simple method of obtaining a spectrum.

are pure and unmixed colours. The various hues seen in

everyday life—the dyes and pigments and the colours of

flowers, etc.—are never homogeneous, but are mixtures of

various differently coloured rays. The foregoing diagram,

Fig. 2, shows how the purity of spectrum colours may be

shown. The spectrum is thrown upon a cardboard screen

similar to that in Fig. 1 and a hole is pierced at the desired

part of the spectrum—say, in the green (G)—to separate
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the rays. These rays are again passed through a prism

(D), when it will be observed that, though the coloured ray

is refracted, no other colour is separated. But, when we
come to analyse the apparently pure colours of dyes and

pigments, we find that they are often very far from being

pure, and contain a large number of other coloured rays.

No dye or coloured pigment is known to be absolutely

homogeneous in its coloured light.

§ 17. The readiest method of obtaining a spectrum for

studying colour is by viewing with the prism a well-illu-

minated strip of white paper placed on a dark ground

—

say, | a piece of black velvet material. Fig. 3 illustrates how

Pig. 4.- -Refraction of light.

this is best arranged. The refracting angle of the prism

should always be held parallel to the object examined. The
dotted lines converging to the eye represent the direction of

the rays emerging from the prism, and indicate the locality

where the spectrum will appear to the observer. The white

strip of paper, on viewing through the prism, will appear

coloured the various colours of the spectrum—red, green,

and blue. As the rays which traverse a prism are bent,

or refracted, away from the refracting angle, as seen in Fig. 4,

the object A when viewed through the prism will appear

more in the direction of the angle than is really the case, as

at A".

Si J

- J
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In practice it is always considered best to adjust the prism

so that the path of the ray of light A makes equal angles

with the two sides at which refraction occurs, thus :

—

Pig. 5.—Refracting angle of prism.

§ 18. If we place a blue strip of paper in a line with the

white one, and examine them both together in the same

manner, we will find the two spectra side by side are not alike.

In the spectrum of the blue will be seen little or no red,

orange and yellow rays corresponding to those present in

the spectrum of white ; while the green, blue and violet

rays are similar to that of the white strip, and in exactly the

same position. The red, orange and yellow rays have been

quenched or absorbed by the blue colouring matter, and as

only the green, blue and violet rays are reflected to the eye,

the result of their combination gives the sensation of a blue

colour. In Fig. 6 (1 and 2) we have a representation of how
the spectra of white and blue differ from each other. The

shaded parts in the spectrum of No. 2 (the blue) show where

the coloured rays are absorbed, and the wwshaded parts show

where the colours are reflected.

Take again a strip of paper dyed red, and examine it with

the prism in the same manner. We find that its spectrum,

No. 3, is an exact contrast to that of the blue, No. 2. All

the bright colours at the red end of the spectrum

—

i.e., red,

orange, yellow—are present, while the green, blue and

violet rays are absent, having been absorbed by the red

colouring matter. See No. 3, Fig. 6.
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ABSORPTION SPECTRA. 17

We have considered three simple examples of spectra,

and each differing in composition. Examples 2 and 3, where

certain coloured rays of the spectrum are absent or absorbed,

are termed absorption spectra, and the study of such spectra is

of invaluable assistance to the colourist in determining the

optical nature of all the colours, pigments, dyes with which

he works. Here, then, we have an example of a colour

(1.) (2.) (3.)

I

Pig. 6.—Simple absorption spectra. (1) White light. (2) Blue. (3) Red.

being produced by the quenching of certain parts of the solar

spectrum, the remaining coloured rays combining together

to produce the characteristic colour of the substance. These

two absorption spectra are of the simplest nature possible,

but the spectra of many colouring matters are often of a

complex nature, as may be seen in Chapter VI. It will

2
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be observed that the colour present in the absorption

spectrum, is always in identically the same position as in the

spectrum of white, but not similar in brightness to that of

the spectrum of white light. If, instead of viewing red and

blue, we take any other colour, such as green, yellow, violet,

olive, or russet, we shall find that absorption bands are always

present. Many coloured pigments and dyestuffs have their

own peculiar and characteristic absorption spectra (see

Fig. 22).

§ 19. These experiments, conducted with the assistance

of the simple hand prism, are indeed most interesting and

instructive, but they are very rough. It would be a difficult

matter to locate with any degree of accuracy" the precise spot

on the spectrum where yellow merges into green, or green

gradually changes into a pure blue, as all the colours of

the spectrum blend beautifully into each other. It would,

therefore, be a difficult and unsatisfactory task to try and

separate the various colours, and to specify their exact

positions on the spectrum, had there not been discovered a

remarkable feature in the solar spectrum which enables us

to locate with the greatest accuracy any of the colours.

It is here that the valuable aid of the spectroscope comes

in. In order to understand the great assistance of the

spectroscope in scientific colour work, we must consider

the nature of this discovery, which has already proved so

valuable in other branches of science.
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CHAPTEE III.

EXAMINATION OF THE SOLAR SPECTRUM—DARK LINES-
LOCALITY OP THE COLOURS—THE SPECTROSCOPE: ITS
CONSTRUCTION—ABSORPTION SPECTRA—COLOURISTS' USE
OP THE SPECTROSCOPE.

§ 20. If sunlight be admitted through an exceedingly

fine slit and examined with the prism, it will be noticed that

the spectrum obtained is not perfectly continuous, but is

crossed by many minute parallel lines or gaps. These " dark

lines " were first described by Wollaston in 1802, and in 1814

Fraunhofer, a German optician, counted as many as 600,

and mapped them out in their proper positions on the

spectrum chart ; hence they are often termed the " Fraunhofer

lines. These minute lines are fixed, never varying in their

position
; and are, therefore, of the greatest assistance to

colourists when describing, with scientific accuracy, certain

pure colours. As these lines are always found to occupy
precisely the same places in the colours, they serve as in-

fallible landmarks, or lines of reference, for specifying ac-

curately any portion of the solar spectrum. To the principal

fiducial lines have been given the letters of the alphabet—
A, B, C, D, E, F, G and H—by which means the various colours

of the spectrum may be easily identified. As these dark lines

are being continually referred to in colour science, the student

should note carefully, and commit to memory, their position

in the spectrum. Thus, at the extreme red end of the spect-

rum is a strong line A (see Fig. 7). B and C are in the cherry

red. D is the strong and characteristic line found in the

j

I
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orange yellow. (With a powerful spectroscope the D line is

seen to consist of two lines close together.) The two promi-

o A
a

50
bF

ioo .

E-

150

200

250

300 .

350

400

450 H

500 ?£.

550

600

650

700

750

800

850

900

Gt

950

1000a

Red.

Red orange.

Orange.
Orange yellow.

Yellow.

Green yellow
and

Yellow green.

Green
and

Blue green.

,
Cyan Bine.

Azure Blue.

Blue violet.

\ Violet.

Fig. 7.—Solar spectrum, showing principal dark lines and the locality of the

fundamental colours.

nent lines in bright green are the E lines, F is in the green

blue, G is in violet blue, while the two lines H are in the

extreme violet. Between these principal and outstanding
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lines are a great number of others, of less importance to the

colourist. Fig. 7 represents the solar spectrum with the

relative positions of its characteristic fixed lines.

§ 21. According to Professor Rood, of Columbia College,

who has made elaborate investigations on this subject, 1,000

parts of ordinary white sunlight are composed of differently

coloured rays in the following proportions :

—

Red .... . 54

Orange red . . 140

Orange . 80

Orange yellow . 114

Yellow.... . 54

Greenish yellow . . 206

Yellow green

Green and Blue gr

Cyan Blue

Blue .

Blue violet .

Violet .

een

121

134

32

20

20

5

1,000

The same investigator, by dividing the solar spectrum

into 1,000 divisions between lines A and H, thus locates the

positions of the principal fixed lines (see scale down spectrum

in Fig. 7) :—

A
B
C
D

E
74-02 F

112-71 G
220-31 H

363-11

493-22

753-58

1,000

§ 22. The spectra given by other sources of light, such as

the electric arc, oil lamp or coal gas, are all continuous : that

is, they do not show the presence of any dark lines, and

differ therefore from the spectrum of sunlight. The exist-

ence of these lines is caused by the absorption of the light in

passing through the glowing vapour of metals and other

bodies present in the sun's atmosphere ; each substance

in the state of a vapour having the remarkable power of

absorbing, or of being opaque to, the same kind of rays as

it emits. After long and laborious research, Fraunhofer,

Kirchhoff, Bunsen and others, established the law that every

substance which emits at a given temperature rays of certain

1
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orders of refreligibility, possesses the power, at that same tempera-

ture, of absorbing rays of those same orders of refrangibility

.

§ 23. THE SPECTROSCOPE ; Its Construction Before

proceeding to study the science which underlies the art of

colour mixing, it may be well to devote a little attention

to the construction of the spectroscope; an instrument

which has now become invaluable in the hands of the

scientific colour mixer for determining the true interpretation

of colour mixing phenomena. As the naked eye is unable to

analyse light, or to distinguish the differently coloured rays

Fig. 8.—One prism spectroscope.

emitted by a coloured object, it is necessary to enlist the

aid of the prism in all experiments where the component

rays of a colour have to be separated. A convenient form

of apparatus for this purpose is found in the spectroscope,

a word which means literally an instrument for viewing an

image (Lat. spectrum, an image, and Gr. skopeo, I view). It

consists of one or more prisms so arranged that the spectrum

instead of being thrown upon a screen, can be examined

directly through a telescope. To the scientific colourist the

spectroscope is invaluable, as by its aid the various differently

coloured rays constituting a colour are separated or analysed,
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and the true nature of any coloured light—whether homo-

geneous or mixed—can be accurately determined. In our

illustration (Fig. 8) we have a simple form of spectroscope

by Browning with one prism, and Fig. 9 with two prisms.

The instrument is firmly fixed upon an iron stand. The

coloured light to be examined enters by the tube having an

extremely fine slit made by two knife edges (see left of illus-

tration), the width of the slit being easily regulated by means

of a screw. After passing through this very fine slit the light

fl

Fig. 9.—Two prism spectroscope.

is made to pass through a convex or collimator lens, whereby

the rays of light are made parallel before entering the prism.

By this arrangement a purer spectrum is obtained. The

light, having been refracted and decomposed in passing

through the prism or prisms, is made to enter the second

tube, which consists of a telescope ; and the image of the

spectrum is magnified before it reaches the eye. The tele-

scope tube is so made as to be movable round a graduated

circle which enables the observer to adjust the instrument

to any part of the spectrum desired. A finely graduated
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scale or vernier (which can be seen in Fig. 8) is employed

for purposes of measurement, or for locating with accuracy

the position of the dark lines in that part of the spectrum

under special examination. Most spectroscopes have also

fixed to the slit a simple reflecting prism for allowing two

spectra to be examined side by side simultaneously.

This little device is useful where two different absorption

spectra are to be carefully compared with each other, or

where the spectrum of white light is wanted for comparison.

For colour chemists a most useful form of spectroscope is

that known as the compound, direct vision instrument (seen

in Fig. 10), having several prisms composed of crown glass

and flint glass arranged alternately. This form of spectro-

Fig, 10.—Direct vision spectroscope.

scope, made also by Browning of London, gives wonderful

results, considering its small size.

The compound prism is placed inside the brass tube, at one

end of which is the slit for admitting the light. This can

be widened or narrowed at pleasure by turning round the

ring with the milled edge, seen at the slit end of the spectro-

scope (see right of illustration). This little instrument,

though readily carried in the waist pocket, gives excellent

results. It shows the principal dark lines of the spectrum,

as seen in Fig. 7, and reveals to the colour chemist the char-

acteristic nature of the absorption bands of the dyed materials,

colours, or dye solutions under examination.

§ 24. Use of the Spectroscope in Colour Examinations.

—

Though the spectroscope has now become of much value
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in many branches of scientific research, its employment in

the domain of colour chemistry is, to a certain extent,

more limited. Some dyestuffs and colouring matters, hav-

ing totally different chemical constitutions, may yet show

similar absorption spectra on their examination with the

spectroscope. Before proceeding, it may be well to explain

more fully the term absorption spectrum, which will be used

frequently during our study of colour mixing phenomena.

§ 25. We have already learned that all solid bodies, when

heated to a white heat, give a continuous spectrum ; that is,

one which is not broken by any minute dark lines or bands

like that in the sun's spectrum. The light from the electric

arc, an oil lamp, ordinary coal gas, acetylene gas, or from a

candle are all examples of illuminants giving a continuous

spectrum. If a glass beaker containing a dilute solution of

the yellow dye picric acid (trinitro phenol) be placed between

any of these flames, giving an unbroken spectrum, and the slit

of the spectroscope, it will be found that the light trans-

mitted through the yellow dye has undergone a change.

While all the rays of the spectrum, stretching from the

red to the green, are freely transmitted, the blue and violet

end of the spectrum is absent,—a total extinction of these

coloured rays having taken place. The result is an incom-

plete or absorption spectrum ; certain of the coloured rays

having become absorbed in the passage of the light through

the yellow solution. The locality of absorption is described

by means of the fixed dark lines of the spectrum, which, in

this case, starts between the lines F and G in the blue, and

continues all the length of the spectrum to the H line in

extreme violet. A simple way of representing the absorption

spectrum of a yellow dye would therefore be as represented

in Fig. 11 (A) ; the shaded portion of the spectrum shows

where the colours are absorbed or absent. Such an experi-

ment also shows that a yellow dye does not appear yellow

j
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simply because it transmits the yellow rays of the spectrum,

but because it absorbs that part of the spectrum complemen-

tary to yellow, i.e., blue and violet. The red, green and

blue-green rays, which are not absorbed, are combined on

the retina of the eye, and produce white light ; thus the

yellow colour of the picric acid, naphthol yellow or of any

other yellow dye, is not a pure or monochromatic colour, but

consists of yellow mixed with a large proportion of white

light.

RED YEL. GREEN BLUE VIOLET
Fig. 11.

A = Representing the absorption spectrum of picric acid.

B = Magenta (dilute).

C = Magenta (strong).

Another simple example of an absorption spectrum will

be found by viewing with the spectroscope a dilute solution

of the beautiful pink dye, magenta. In this case the greenish-

yellow and green rays are absorbed, makmg a dark break or

absorption band from the line D in yellow to nearly line F in

the blue green (see Fig. 11, B). In dilute solution the blue

and violet are transmitted, with slight absorption ; but, if the

solution be strengthened, all the coloured rays are completely

absorbed, leaving only the red to be transmitted. This

explains the bluish-pink hue of a dilute magenta solution,
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and the pure cherry red of a more concentrated solution

(see Dichroism, § 39). The absorption spectra of magenta

dilute and strong may be represented as in Fig. 11, B and C.

For other examples of colouring matters showing de-

cided and characteristic absorption bands see Chapters IV.

and VI.

§ 26. Dyed fabrics, pigments, stained glass, and indeed

all coloured materials, can be examined in the same manner

with the spectroscope. In all cases an absorption spectrum

is obtained ; but that given by solutions, where the light is

transmitted through the liquid, is purer than what can be

obtained by viewing the reflected light from dyed or coloured

surfaces. Reflected coloured light contains a certain admix-

ture of white light (reflected unchanged from the surface of

the material), which tends to impair the sharpness of outline

in absorption spectra.

The prism of the spectroscope analyses the coloured light

into its constituent rays, and in colour chemistry there are

many instances where spectroscopic examination is of the

greatest importance. This is particularly so when certain

colouring matters show decided and easily recognisable

absorption bands on the addition of different chemical

reagents. Thus the spectrum of the well-known colouring

matter alizarin, or madder, is unmistakable when examined

first in aqueous solution, then with the addition of a few

drops of ammonia. Its alcoholic ammoniacal solution also

gives a characteristic absorption spectrum. The spectra of

chlorophyll (the green colouring matter of leaves and

plants) of red blood, of acid extract of indigo, methyl

violet, eosine, magenta, of litmus in acid and alkaline

solution, and many others are of much interest. Solutions

of the aniline dyes will be found interesting and instructive

subjects for study with the spectroscope, as they possess

sharp and decisive absorption bands.

w
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§ 27. In studying the various phenomena of colour

mixing the analysing power of the prism is of great service,

as it not only reveals the true nature of the coloured light,

but also the cause of many unexpected modifications in

hue which some colours undergo when viewed in artificial

light.

Two pieces of dyed material may match each other closely

in colour when examined in good daylight, and yet present

a considerable difference in appearance when viewed in a

yellow illuminant like ordinary coal gas, or candlelight.

Every practical dyer and colourist could give many instances

from his own experience. This difference in behaviour

between two colours apparently identical is due to the fact

that colours, similar to the naked eye, may have a different

optical composition, or be produced by the combination of

different parts of the spectrum. As the naked eye is unable

to separate the various coloured rays constituting a mixed

colour, it cannot, therefore, tell a pure or homogeneous colour

from a compound one : two shades may appear identical to

the unaided vision, and yet be composed differently and have

different absorption bands in their spectra. For example,

the eye cannot distinguish the difference between ordinary

white light composed of all the colours of the spectrum

and the white light, produced by combining green and purple

or red and blue-green lights together. The prism, or spectro-

scope, would at once reveal the difference. Dyed materials

often show unexpected appearances when viewed in gaslight,

and in such cases the spectroscope is of much service to the

colour chemist and dyer in enabling him to discover the

cause of such modifications. In colour mixing and dyeing it

will be found that a knowledge of the optical properties of

the dyestuffs employed is of some little service in producing

the desired shades. It is, indeed, one of the first duties

of the colourist to examine what is termed the " mixing
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qualities " of the various colouring matters placed before

him ; and to determine their capabilities of producing good,

useful shades by admixture with others. By viewing with

the pocket spectroscope samples dyed with any colouring

matter, he can tell whether the colour can be employed for

producing certain desired effects. Blues for example, which

show a ready transmission of the red rays, cannot be em-

ployed in making a pure and brilliant green by admixture

with yellow. Beds which transmit a certain amount of the

blue rays are found to become bluish when diluted or reduced

to produce tints and cannot be used for making pure scarlets.

By carefully examining the absorption spectrum of a dye-

stuff, any little optical peculiarities can be readily detected

which would otherwise pass unnoticed until the colours were

mixed or dyed. This explains why colours when mixed with

others, often do not give the results expected by the dyer.

Thus a little previous spectroscopic examination might save

the colour mixer some trouble.

The small direct vision instrument, already referred to at

Fig. 10, is most convenient for such work. Dyej solutions

give much more decided and characteristic absorption spectra

than the same dyestuffs when dyed or printed or any

material, either wool, silk, or cotton ; as a quantity of white

light is reflected from the surface of the fabric, which tends

to dilute, and render less decisive, the absorption spectra of

the dyes. The positions of the absorption bands of the dye

solution and of the dyed material are generally identical

;

except when the property of dichroism (see § 39) is present

to any great extent in the dye solution.
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COLOUE BY ABSOBPTION.

ABSORPTION OP COLOUR PRODUCED BY ADMIXTURE—ABSORP-
TION SPECTRA—SOLUTIONS AND DYED FABRICS—LUMI-
NOSITY CURVES— ABSORPTION CURVES— DICHROISM—
DICHROIC COLOURED FABRICS IN GASLIGHT.

§ 28. Though the exquisite hues produced by the interfer-

ence and dispersion of light are of great interest to the

philsopher, they do not play so important a part in our

everyday life as the colours produced by absorption. It is

owing to this phenomenon that all the common objects of

nature owe their colour. The green of the grass, the chang-

ing hues of spring, summer and autumn foliage, the

blueness of the sea, the glorious variety of colour displayed

in flowers, the colours of the artist, the glass stainer, the

calico printer and dyer, are all due to absorption.

When two coloured solutions are mixed together, or two

differently coloured glasses viewed through each other, the

resulting colour obtained is that which is transmitted by both

colours in common. Thus, when yellow and blue dyes are

mixed, or when a yellow slip of glass is viewed through a blue

one, a green is produced. The true interpretation of this

simple experiment is readily found by examining these two

colours with the prism or spectroscope. The green colour

is produced, not simply because the yellow transmits only

the yellow rays and the blue only the blue rays, but because

green is the only colour common to them both, all the others

being more or less absorbed or quenched. All yellow pig-
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ments and dyes are found to consist not only of yellow, but

red, orange, and green rays (see A, Fig. 11). As already

observed in § 25, all ordinary colours (except the pure spec-

trum colours) are heterogeneous, i.e., they reflect to the eye

many differently coloured rays, which, however, cannot be

distinguished or separated by the naked eye. Blues are like-

wise found to reflect not blue rays only but varying propor-

tions of green, violet, and a little red light. When two such

colours as the yellow and blue are combined together it will

5
ul o

>

GREEN

Fig. 12.—Showing production of green by combining blue and yellow glasses.

be found that green is the only colour common to both of

them, and is therefore freely transmitted ; the others being

more or less absorbed. This, then, explains why a green is

produced by the combination of yellow and blue.

§ 29. This may be more readily explained by the aid of the

following diagram (Fig. 12), which represents a ray of ordin-

ary white light (A) composed of its red, orange, yellow, green,

blue and violet colours passing through a sheet of blue glass
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(B) and a sheet of yellow glass (C). The light (A) in passing

through the blue glass, loses three of its constituent rays,

those of red, orange, and yellow, which are absorbed or

quenched, and are therefore not transmitted ; while the

green, blue, and violet rays are allowed to pass freely through.

These, on entering the yellow glass, are not all transmitted.

As yellow does not transmit or reflect any blue or violet

light, these coloured rays are caught and absorbed, leaving

only the green to pass through alone. Hence the white light,

which was composed of six differently coloured rays, has only

the green rays left unabsorbed (see D in Fig. 12). Such is

YELLOW
1

GREEN
3

Ilium,..!;;..,,.
,
\
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Fig. 13.—Chromatic circle, showing production of green by the admixture

of yellow and blue.

the true interpretation of this common phenomenon. If a

pure or homogeneous blue and yellow could be obtained the

result on admixture would not be a green, but probably a

pinkish grey ; as the combination of blue and yellow lights

produces a purplish white (see Fig. 3, plate iii.).

The effects of colour absorption by admixture or com-

bination may be illustrated in a very simple manner by em-

ploying a chromatic circle. The circle in our illustration

(Fig. 13) is divided into eight parts, representing roughly the

various coloured rays constituting white light, i.e., red,

orange, yellow, yellow-green, blue, cyan-blue, and violet.
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These are designated by their initial letters. By using

shading lines to represent where absorption of colour takes

place, we may show that the colour produced by admixture

is the sum of the unabsorbed colour rays ; or, in other words,

these rays which are common to both colour constituents.

Thus, in No. 1, Fig. 13, yellow reflects from red to green,

and absorbs blue, cyan blue, and violet. Blue No. 2 reflects

from green to violet, and absorbs all the other colours. If

these two discs be placed one upon another as at 3, it will be

observed that green is the only colour common to both, and

is therefore freely transmitted.

This characteristic example of colour absorption may be

illustrated in another way by means of the absorption spectra

of the component colours. It is well known that picric acid

or naphthol yellow and indigo extract produce a fairly good

green when dyed together. This, as we have already learned,

is not because the indigo reflects, or allows to be transmitted,

only the blue rays, and the yellow only the yellow rays, but

because, when both of them are combined, the green is the

only colour which is freely transmitted by both of them.

Fig. 14 is a representation of the two absorption spectra (A

and B). A represents naphthol yellow, and B the indigo

extract, while C shows the combination of the two. The
lines A, B, C, etc., represent the fixed or Fraunhofer lines

of the solar spectrum— the invaluable landmarks to the

colourist (see § 20).

Spectrum A represents that of naphthol yellow, showing

that this dye absorbs the violet, blue, and blue green end of

the spectrum, which is shown in shade (denoting absence of

colour or absorption), while the remaining colours of the

spectrum—green, yellow and red—are freely transmitted.

B may be taken to represent the absorption spectrum of

acid indigo extract, which shows strong absorption from the

red, near the line B, through the orange, yellow, and yellow
3
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green to the green at the lines E ; while the extreme red, the

green blue, and violet are freely transmitted.

When these two spectra are combined, as represented in

C, we find that only the extreme red, the green, and the blue

green are transmitted, which constitutes the green colour

obtained by combining naphthol yellow and acid indigo

extract. Such a green as the above cannot be of a perfectly

pure bright hue from the quantity of red light it reflects
;

but, if instead of indigo blue, a purer aniline blue or a

RED YEL. GREEN
ABC D E

BLUE VIOLET
H

FIG . 14. Green produced by admixture of yellow and blue,

i.e., napbthol yellow and indigo extract.

greenish blue be taken, which reflects little red light, then

a purer and brighter green will be the result.

§ 30. When there is absorption of coloured rays by the

admixture of two colours, there is produced a corresponding

loss of light, or a darkness in the colour. This explains the

dull appearance, or what is termed the "sadness" of all

mixed shades. The more different colours there are present

in a mixture, the darker, or more approaching to grey, is the

result. It has been well said that "every admixture of

colour is a step towards darkness". Two colours, which

cut off between them all the coloured rays of light, when
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combined, either on the palette or in the dye-bath, pro-

duce an extinction of light, or in other words, a black

(see Fig. 15).

§ 31. In dyeing, it is seldom that two complementary

dyestuffs can be found to fulfil the exact requirements

in this respect, as all of them, more or less, transmit some

rays in common ; but by employing three dyestuffs a good

pure black can be obtained. A mixture of red and a blue

green, such as azo rubine and acid green, if sufficiently

strong will dye a black. This may be seen on Pattern

Plate No. I. at the end of the book. 1 is Victoria rubine,

C I

B;vta*SA

Fig. 15.—Total absorption or blackness produced by combination

of red and green glasses.

2 is acid green, while 3 is a good black, dyed by combining

them both together. All the rays transmitted by the one are

absorbed or quenched by the other. Another good example

of this total extinction of light by two coloured bodies may
be found by viewing through a piece ruby glass and signal

green glass superimposed. If these two coloured glasses be

held up to the light, it will be found impossible to look

through them when combined ; total darkness being pro-

duced. This may be readily explained by the help of Fig. 15.

Spectrum A represents that of the ruby glass, showing the

transmission of onlv the red and orange-red rays from A

IB
I
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to C ; the other rays of the spectrum being absorbed, are

shown by shading in the diagram. This may also be taken

to represent the absorption spectrum of Victoria rubine (see

No. I. Pattern Plate at end). B represents the absorption

spectrum of the green glass, known as "signal" green, which,

as seen from its spectrum, transmits only the yellow green,

green (lines E), blue green and blue (line F), while the

remaining parts of the spectrum, from red to yellow green,

and from blue to violet, are all completely quenched. This

absorption spectrum of " signal green " glass may be taken

also to represent that of acid green, which it closely

resembles in colour (see No. II. Pattern Plate at end). Thus

it is readily seen that if two such colours are combined, they

have no coloured rays in common ; no ray of light can pass

unabsorbed through both. The result is that total darkness,

or a black, is produced, as represented at C. The same

results can be got in dyeing by combining roccelline or fast

red with some of the aniline greens. By the suitable

combination of three dyestuffs, i.e., Victoria yellow, indigo

blue and azo acid magenta, beautiful shades of grey are

obtained (see the dyed specimens, Nos. 7, 8, 9, at end of

the book).

The fact of colours combining to form grey or black is

largely taken advantage of in dyeing and textile printing for

producing soft or sad tertiary shades, i.e., colours darkened

with a certain proportion of grey. Complementary dyes and

pigments, when combined, form grey or black ;
while com-

plementary lights, when combined, go to produce white

(see Chap. V.).

§ 32. The behaviour of dyestuffs in dyeing the various

textile fibres is similar to that of the coloured glasses and

liquids we have just studied. The fibres are dyed through

to the inside, and being in themselves translucent, the light

enters to a certain depth within the fibre, when it is again re-
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fleeted. During its passage through the dyed fibre or fabric,

certain coloured rays have been absorbed, and the reflected

light enters the eye deprived of some of its constituent rays.

In this way the colours dyed on fibres are similar to those

obtained from the solutions of the dyestuffs. There is,

however, one great difference between a dyed fabric and a

dye solution. The light transmitted through a coloured

solution is richer, and more saturated, than the same colour

dyed on a fabric ; owing to the fact that a certain amount of

unchanged white light is reflected from the surface of the

fabric by each individual surface of its fibres, thus giving to

the dyed colour a paler and less rich appearance. The

reflective power, or the lustre of a fibre, is, therefore, a most

important feature in the question of dyeing. If we examine

the fibres of silk and wool together, we find that silk has

a much greater lustre than wool, i.e., that it reflects to the

eye, when held in a certain direction, a larger quantity of

white light from its surface ; while, on the other hand, when

held in another position, little or no surface light is reflected.

Thus the coloured light reflected from dyed silk may be much
lighter in tint, or it may be much deeper and richer in hue

than that of wool dyed with the same dyestuff. Lustrous

fibres, like silk, china grass, alpaca, and some of the high

lustred wools, can show, according to their position, rich

full colours, almost free from any admixture of white light

;

or they may reflect, in unfavourable positions, a great deal

of white surface light, producing a paler tint of colour. It is

this sheen, or surface reflection of highly lustrous fibres, that

gives to their dyed woven fabrics the beauty and sparkle
;

making the lustreless fibres like linen, cotton, or the poorer

wools, comparatively dull and wanting in vigour. If cotton

be compared with wool in the same way, it will be observed

that wool surpasses cotton in lustre, the latter appearing a

dead, sheenless white. It follows therefore that the colours
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dyed on wool appear richer than on cotton. This is found to

be so in practice, as it is most difficult to match accurately

shades dyed on cotton with those dyed on wool, silk, or the

finer qualities of jute. A lustreless fibre like cotton scatters

its surface light in all directions, giving to the colours dyed

on it a somewhat opaque, painted-like appearance, when

compared with those dyed on wool. The lustre of the fibre

is a most important question to the dyer, the textile colourist

B C H

Bi

H

A B

Fig. 16.—Showing production of a blue by admixture of green and violet.

A. Absorption spectrum of malachite green.

B. ,, ,,
methyl violet.

C. ,, „ blue obtained by their combination.

For dyed pattern see Plate II. at end of book.

and the colour matcher, and we shall have occasion to speak

of it more fully when dealing with some of the difficulties

of colour matching, in a companion volume on Colour

Matching on Textiles.

§ 33. Another instructive example of colour absorption

may be seen in the blue colour obtained by mixing together

green and violet (see Fig. 16). A fairly good blue may be

dyed on wool or silk by using an aniline green, such as
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malachite, or china green, along with a suitable proportion

of methyl violet. A light sky blue dyed in this manner

may be seen at Pattern Plate II., No. 4, at end of book.

Such a blue is indeed sometimes sold under the name of

"indigo substitute". The formation of this blue colour

may be understood after a spectroscopic examination of

these two colouring matters. Greens transmit or reflect

not only the green rays but a considerable portion of the

blue and a little of the violet; while violets like methyl

violet 3 B. reflect, along with the violet rays of the spectrum,

a large quantity of blue and also red rays. When two such

colours as the green and the violet are combined, it will be

found that the blue rays are the only ones freely transmitted,

being common to both colours. The green absorbs the red

and most of the violet, while the violet absorbs the orange,

yellow, and yellow green, leaving blue rays to predominate.

This gives to the mixture its blue colour. A clearer idea

may be obtained by studying the representations of their

absorption spectra.

A represents the absorption spectrum of an aniline such

as malachite, or Victoria green. The absorption continues

strong from line B in the red to D in the yellow. The

extreme red is transmitted along with the green, blue-green

and blue rays extending from E to G, while the violet (at H
lines) is absorbed.

B represents the absorption spectrum of methyl violet,

showing the free transmission of the red part of the

spectrum, and likewise the bluish green, blue and violet

;

while the orange yellow and yellow-green and green, extend-

ing from C to nearly E| F, are absorbed.

C represents the light transmitted through both spectra

and shows the absorption spectrum of the composite blue.

All the coloured rays are quenched, excepting the blue,

green blue at lines F and G, and extreme red, A and B,

m

.:)
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which combine together in the eye to produce the sensation

of a blue (see also § 61). The same result may be repre-

sented with the chromatic circle, as in Fig. 17 :

Green + Violet Indigo Blue

Fig. 17.—Showing formation of a blue by admixture of green and violet.

Though the few examples we have studied are simple,

they are sufficient to show the fundamental law that

governs all the varied phenomena in the production of

colour by absorption, and the science which underlies the

simplest experiment in colour mixing.

§ 34. For the careful investigation of all such colour

phenomena the spectroscope is invaluable. But it is neces-

sary, in writing about colour and colour absorption, to have
some graphic means of representing the various intensities

of absorption or of reflection in a colour spectrum. It is

a difficult and most unsatisfactory method to represent this

by means of shading in varying degrees of depth, according

to the degree of absorption, as in Fig. 16 ; but philosophers

have adopted a simple method whereby this difficulty is

removed, and one which enables them to express clearly

and accurately the various characteristics of any colour.

This graphic representation of an absorption spectrum is

accomplished by means of a curve, which is drawn on a

diagram representing the solar spectrum, with its principal

fixed lines to serve as reference marks. These curves can
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be made to represent, by their varying heights on the chart,

either the different degrees of :

—

(1) Luminosity (brightness of the reflected colour) ; or,

(2) Absorption (darkness of the colour in the spectrum).

Some writers on colour employ the luminosity curve ; while

others prefer to represent the spectrum of a colour by its

•absorption curve. Either of the two methods can be em-

ployed, but the writer has adopted, with the exception of

Figs. 18 and 19, the absorption curve in his diagrams illus-

trating the various spectra of dyes and coloured fabrics.

Though these curves are, for the first time, somewhat per-

ABCD E F G H

RED ORG. YEL. GREEN BLUE VIOLET

A" H

"

Fig. 18.—Spectrum showing locality and intensity of coloured light trans-

mitted by ruby glass. The shaded curve represents the transmitted

light.

plexing to the colour mixer and dyer, they are well deserving

of study, as they are of much assistance in interpreting

many colour phenomena which would otherwise remain to

him a mystery ; and they also reveal, at a glance, the optical

nature of a colour or dye, which would require pages to

describe as fully.

§ 35. (1) LUMINOSITY CURVES.-By the first method the

brightness of the reflected or transmitted colour is repre-

sented by the height of the curve. For example, let the

rectangle AH, A"H", Fig. 18, represent the solar spectrum,

with all its different colours arranged in the usual order of

red, orange, yellow, green, blue and violet, in their natural

m

m
m
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brightness. The letters A, B, C, D, etc., represent the pro-

minent fixed lines present in the sun's spectrum ; and are as

invaluable landmarks in determining the positions of the

different colours. We have already learned that ruby glass

transmits the red rays : from A to B, with a little of orange

between C and D. This, then, can be represented in diagram

form by drawing a curve at that part of the spectrum (see

Fig. 18), which will be highest in the red at A and B,

showing the part of greatest brightness, while it rapidly falls

in the orange between C and D. At the yellow part of the

spectrum D it has fallen almost to the base line, showing

the small quantity of yellow which ruby glass transmits,

while in the green and blue (lines E and F) no light is trans-

Red Yellow Green Blue Violet

Fig. 19.—Spectrum showing the light transmitted by dilute solution magenta.

Here the shaded portion represents transmitted light.

mitted. The quantity or intensity of the coloured light,

therefore, which is transmitted or reflected by any coloured

body can be represented in this simple manner.

If the colour known as magenta, either in a dilute solution

or dyed upon a fabric, be examined with the spectroscope in

the same way as the ruby glass, a reflected light carve is

obtained which may be represented in Fig. 19, the shaded

portion showing the reflected light. It will be seen from this

curve that magenta, in its light tints, reflects the red, orange

and yellow rays to line D, but absorbs all the yellow-green

and bright green of the spectrum as far as the lines E, where

it reflects all the rest of the rays from the blue to the violet.

§ 36. (2) ABSORPTION CURVES.—The second method

•**
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is exactly the reverse of the first described, as with it not

the brightness or luminosity is represented, but the darkness

or absorption of the coloured rays.

For the purpose of illustration let magenta be again

taken, and its absorption spectrum in Fig. 20 is represented

according to two methods, i.e., A by shading the absorbed

portions of the spectrum, and B by the absorption curve. It

will be seen that the region of absorption lies in the brightest

part of the spectrum, namely, from the yellow to the green

(from lines D to E). The dotted line represents the

absorption curve of a strong solution, or of a deep shade

of magenta, showing the much-extended absorption band

BLUE VIOLET

ABCDE F G H

Fig. 20.—Absorption spectrum of magenta represented by shading (A), and by

an absorption curve (B). The dotted curve represents a strong solution

of magenta showing an increased absorption.

The richer the colour is, or the more concentrated the dye

solution becomes, the absorption is the greater, and the light

tends, more and more, to become monochromatic. A con-

centrated solution of magenta transmits only the red rays.

The effect produced on deepening a dye solution, or in dye-

ing colours in varying strengths is an important question to

colourists, and will be considered specially under the subject

of Dichroism (see § 39).

Fig. 21 represents, in the same way, the absorption

spectrum of a green dyed with picric acid and indigo extract.

A shows the method of representing the degrees of absorption

by shading the spectrum, and B gives the corresponding



44 THE SCIENCE OF COLOUR MIXING.

absorption curve. It will be observed that the green consists

of a little red at the lines B to C, green, blue-green, and blue

;

while the remaining red, orange, yellow, most of the blue,

and all the violet are absorbed.

In all observations of colours with the spectroscope it is

best to employ either the purest sunlight ; or, what is con-

sidered even better, the electric arc light. In order to give

greater accuracy to the descriptions of colour spectra and
absorption curves, with only the fixed lines as the reference

marks, it is desirable :

—

1st, That the strength of the colour solution be noted

;

2nd, That the depth of the colour solution be noted
;

A BC D E F G H

Fig. 21.—Representation of the absorption spectrum of the green produced
by the admixture of picric acid and indigo extract. A, intensity of

absorption of spectrum shown by shading ; B, by the curve.

3rd, That the absorption bands be carefully measured

and reduced by an interpolation curve to their wave-

lengths.

Small absorption curve diagrams, such as we have shown
in Fig. 22 and elsewhere, give at a glance an amount of

information regarding the optical structure of the colours,

which might otherwise require pages of printed matter to

accurately describe.

The following characteristic absorption spectra of six

well-known dyestuffs may be taken as examples of colour

absorption curves :

—

1. Eosine absorbs chiefly the green and blue-green rays
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E to F, while in a strong solution, or deep shade dyed

upon wool (see dotted line), the absorption band is extended

from nearly D in the yellow to beyond the line F in the

blue.

2. Orange G.—There are many azo oranges, all of

them giving a more or less similar spectrum. The orange

here represented shows all the blue and violet end of the

spectrum absorbed as far as the E lines in green, where

l.

2.

3.

5.

Eosine dilute
and strong.

Azo orange.

Naphthol
yellow.

Malachite
green.

Victoria blue.

Methyl violet

3 B. (dilute).

Methyl violet

(strong
solution).

ABC
Fig. 22.—Examples of absorption spectra of dyestuffs. The dotted lines at

1, 4 and 5 represent strong solutions of the colouring matters, showing

increased absorption.

absorption gradually ceases towards D. The yellow, orange

and red are freely transmitted.

3. Naphthol Yellow shows absorption of all the violet

and blue violet to the F line, where the absorption

stops short in the blue green, and gradually decreases

towards the green. If the yellow be of a greenish cast, a



^^^HI *'*t->
I w^^^&BEBmBKa

46 THE SCIENCE OF COLOTJB MIXING.

slight absorption may be observed in the red. The spectrum

of yellow is an instructive one, as it shows us that yellow

dyes or paints are not yellow because they reflect only

yellow rays, but because they absorb or quench all those

rays complementary to the yellow, i.e., the blue and violet.

The red, orange and green rays are reflected as freely as

the yellow ones, but on entering the eye they are combined

to form white light, so that the yellow from naphthol

yellow, picric acid or any other yellow dye, is not a pure

colour, but consists of yellow rays largely diluted with

white light (see also § 25).

4. Malachite or China Green.—The rich blue-green colour

given by this aniline dyestuff shows a strong absorption in

the red-orange of the spectrum, extending midway between

the lines C and D, with a faint absorption of the extreme

violet. In a more concentrated solution (see dotted curve)

the orange-red, orange, yellow and yellow-green and extreme

violet are absorbed, extending from B to nearly the E lines

in green, and from G to H. On viewing a deep solution of

this dyestuff, it shows a redder hue than when dyed on a

fabric, owing to the property of dichroism (see § 39 : also

coloured Plate II., Fig. 6). It is observed from this spectrum

that malachite green transmits a large quantity of red light,

along with the green, blue green and blue. Such a blue-

green cannot produce so brilliant and clear a tone of green,

as one showing a greater absorption in the red.

5. Victoria or Night Blue.—This is a beautiful pure tone

of azure blue, and from its spectrum is seen to absorb

a certain quantity of red, gradually increasing in absorp-

tion until yellow is reached (D), where the absorption

is strongest. The curve line gradually falls as it approaches

green, at the E lines, after which there is free transmission

of all the other colours of the spectrum. This blue, from

its tendency to absorb red, and freely reflect all the green
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and blue, preserves its beautiful pure colour in gaslight,

and hence often receives the name of " night " blue.

6 and 7. Methyl Violet shows strongest absorption in

the bright part of the spectrum, in the yellow and yellow

green, while the red, orange-red, blue-green, blue and violet

are freely transmitted. 7 is a strong solution, and shows

the greatly increased absorption—the band extending from

the lines C to F. This shows that the magnificently rich

violet colour of this aniline derivative—unequalled by any

other colouring matter— is not due simply to its free

transmission of the violet part of the spectrum, but to its

absorption of those rays complementary to violet, namely,

yellow and yellow green. It is an interesting fact, which

might be mentioned here, that the yellowish green metallic

reflection of this dye, when in the solid, crystalline state,

consists of that part of the spectrum which is absorbed

when in solution, namely, yellow and yellow green. See

113-

§ 37. As nothing in nature is ever totally lost or destroyed,

the inquiring colourist may ask himself the question :
" What

becomes of these coloured rays which are absorbed within a

coloured substance?" They become changed from visible

light into an invisible force, namely, heat. This explains the

reason why black clothes are so warm to wear on a sunshiny

day, compared with light-coloured ones.

All the light of the sun's rays is absorbed within the

black material, and is there transformed into heat ; while a

light coloured suit of grey, or white, absorbs little light and

reflects much, and is, therefore, not warmed by the absorption

of the light rays. This may be strikingly demonstrated by

placing two pieces of velvet, one white and the other dyed

black, upon a bed of snow during bright sunshine. After

some time has elapsed it will be found that the black velvet,

by its absorption of the rays of light, has become warmed

i

1
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and sunk down to a considerable depth in the snow, by
reason of the snow being melted by its heat ; while the white

piece of material remains on the surface in the same position

as when first placed. Having reflected all the sunlight from
its surface, it has not become heated by absorption. All

coloured materials absorb more or less of the sun's rays,

and are accordingly warmer in bright sunshine than white

material.

§ 38. All the examples we have given of the spectra of

coloured materials and dyes show clearly the inability of the

naked eye to distinguish between a pure and compound
colour. Two colours dyed on cloth may appear identical to

the eye and yet be composed in a totally different manner
and show different absorption spectra when examined with

the spectroscope. Hence arises the great value of the

analysing powers of the prism in revealing the true com-
position of any colour, by separating its several constituent

coloured rays.

By carefully examining bright, or what are termed

luminous, colours, like magenta, the eosines, or rhodamine

pink—one of the most brilliant colours known to the dyer

—it will be found that their brilliancy of hue is not due

simply to the fact that they reflect or transmit that colour

only
; but because they absorb all the green and yellow-

green part of the spectrum, leaving the red, orange, yellow,

blue, and violet, to be transmitted, which produce, when
they are all combined upon the retina of the eye, the im-

pression of the beautiful magenta, or eosine-pink colour.

But these coloured rays are present in such proportions as

to produce, by their combination, a certain amount of white

light, so that the brilliancy of magenta, rhodamine and such

like colours is due largely to the formation of white light by

the reunion of many of the coloured rays. We have already

considered the case of naphthol yellow and picric acid (see
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§ 36, example 3), which owe their luminosity to the com-

bination of the complementary colours producing white. It

is to the presence of this recombined white light that a dye

owes its brilliancy.

The sharper the absorption bands appear in a colour, the

more luminous is that colour ; and when a dye shows more

or less absorption all over the spectrum it can never be a

bright and luminous colour.

§ 39. Before leaving the subject of colour absorption, it is

necessary to pay attention to the interesting property of

dichroism, possessed by nearly all ordinary colouring matters.

If a ray of white light be passed through a strip of gelatine

or glass coloured yellow, the transmitted light will of course

be of a clear yellow colour. If, however, three or four similar

strips be placed together and viewed through, it will be

observed that the light is not a yellow similar to that

obtained by viewing through the one coloured film, but it

has acquired a more orange appearance (see 5, Plate II.).

If the number of coloured strips be doubled, the light trans-

mitted will be of a deep orange colour, and should the

colour be transparent enough it might be possible to increase

the number of yellow plates until a red colour was trans-

mitted. The same phenomenon may be noticed in a solution

of magenta. If the solution be very dilute, or the-layer of

colour be exceedingly thin, a beautiful bluish-pink colour

is transmitted ; but if the solution be strengthened, or its

depth be increased, the blue cast of hue vanishes and the

magenta assumes a scarlet or even a ruby-red colour (see

Fig. 4, Plate II.). From these simple experiments it may
be seen that the colour of the transmitted light depends

greatly on the strength of the colouring matter, or on the

depth of the colour solution, through which the light has to

travel. This change of hue or dichroic property is very

marked in some substances, chromic chloride, for example,

• 4
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which is a green in thin solution, and in a deep solution it

assumes a claret red (see Fig. 23). A great many dyestuffs

exhibit this property in a more or less marked degree, and

those which show it strongly had better be discarded by the

dyer and textile colour printer, as they produce differences

in hue between plain-surfaced and velvet-pile fabrics dyed

with the same colouring matter ; and likewise, in a series of

ABCDE F G H

(1) dilute solu-

tion transmits
red, green and
blue.

(2) deeper solu-

tion transmits
red and little

nreen.

(3)

RE

/
\

&&SQ&MQ (3) deeper solu-

tion transmits

\
red rays only.

Fig. 23.—Absorption spectrum of chromic chloride, showing its change in

colour from a green in thin solution (1) ; a dull red in a deeper solution

(2) ; and a red in (3), where all rays are absorbed except the red.

gradating or stepping shades a different cast is produced in

the lighter tints, which often proves disappointing to the

colourist. For the effects of dichroism in dyeing see § 40.

Solutions of malachite green, archil, litmus, indigo extract,

quinoline blue, methyl violet and others show that the

greater the depth of their solutions, or the more concentrated

their colour, the redder in tone they become. They gradually

lose, as their depth or strength increases, the green or blue
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rays observable in their more dilute solutions. One of the

most interesting examples of a dichroic colouring matter is

quinoline blue, an aniline dyestuff which has now fallen into

disuse. In dilute solution, or in a thin layer, it possesses a

beautiful clear blue colour, while in a deep layer it assumes

a fine red (see 2, Plate II.). This interesting property of

dichroism may be readily studied by making a spectroscopic

examination of the colouring matter with varying depths of

solution. It is not an easy matter illustrating dichroism by

means of a coloured plate ; but on plate ii. will be found

a few representations of dichroic colouring matters.

No. 1 is a curiously dichroic sage colour made from an

aniline yellow or fustic and methyl violet. In its light tints,

represented by the edges of the -single plates, it is of a sage

or olive hue ; while in its deeper tones it changes to a plum

shade, then to a dull plum red. The coloured illustrations

represent three different depths of the colouring matter : (1)

dilute, (2) medium, and (3) deep—the deep solution being

shown where all the three plates overlap each other.

No. 2 represents the change of hue in quinoline blue,

which has just been described.

No. 3 is methyl violet, showing its change from a bluish

violet in dilute solution to a claret in deep solution. In

velvet-pile or cut surfaced fabrics, this dichroic red hue is

quite observable, and is produced by the repeated reflections

within the depths of the fibres (see § 40).

No. 4 represents the effect of deepening a solution of

magenta, or of any of the aniline pinks, such as eosine,

rhodamine, etc. They show a bluish-pink hue in dilute

solution, or in their tints, which is lost on deepening the

colour, when they assume a scarlet or ruby-red hue (see

also Diagram 24).

No. 5 shows the result often obtained while preparing a

gradating series of yellows. The light tint may show a clear

i
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greenish hue, but in the deeper tones the yellow may assume
an orange cast. This effect is very noticeable with a solution

of bichromate of potash, gamboge, and many of the aniline

yellows.

No. 6 may be taken to present something like the effect

of viewing different thicknesses of malachite green solution,

showing its change in hue from a blue-green to a purple.

The following table gives a few examples of such changes

in the hue of a colour :

—

Colouring matter. In thin layer. In deep layer.

Magenta (see Fig. 4, plate ii.)

Cochineal carmine
Eosine and rhodamine pinks
Picric acid .....
Gamboge (See Fig. 5, plate ii.)

Bichromate of potash (see Fig. 5, plate ii

Chromic chloride ....
Sulphate of copper
Prussian blue ....
Quinoline blue (see Fig. 2, plate ii.)

China green .....
Above with few drops acid .

Malachite green (see Fig. 6, plate ii.)

Litmus ......
Acid extract of indigo .

Methyl violet (see Fig. 3, plate ii.)

Above with few drops acid .

)

Bluish pink.
Bluish pink.
Rose pinks.
Greenish yellow.
Yellow.
Yellow.
Green.
Greenish blue.

Sea-green blue.

Clear blue.

Bluish green.

Yellowish green.
Blue green.
Blue.
Greenish blue.

Blue violet.

Violet blue.

Scarlet, or red.

Red.
Scarlets.

Pure yellow.

Orange.
Deep orange.
Claret red.

Pure blue.

Deep blue.

Fine red.

Blue violet.

Claret red.

Reddish purple.

Claret red.

Purply blue.

Red violet.

Claret red.

In examining such colours with the spectroscope, a very

dilute solution is first examined, and the absorption bands are

carefully noted. The strength of the solution, or the thick-

ness of the layer, is then increased, and the change in the

absorption bands determined. It will be observed that, as the

strength of the colour solution increases, the dark bands in

the spectrum become broader, and one colour after another is

gradually absorbed, until, in many cases, an almost mono-
chromatic colour is transmitted. In such investigations a

wedge-shaped prism or bottle, for holding the dye solution

under examination, is generally employed, as it shows a

gradual increase in the depth of the colour.
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Plate It.

This plate illustrates the effects of Dichroism in Dyes, and represents

three depths of the colour solution, (i) Sage Colour produced from

Naphthol Yellow and Methyl Violet ; (2) Quinohne Blue ; (3) Methyl Violet

;

(4) Magenta; (5) Gamboge and some Aniline Yellows ; (6) Malachite

Green and other Aniline Greens. Note the difference in hue as the

solutions are deepened. r^ Chapter IV.]

^m
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Fig. 24, which is drawn from the writer's own experi-

ments, shows clearly the gradual increase in the absorption

band of the beautiful pink dyestuff named rhodamine, a

phthalein derivative. A dilute solution of \ centimetre

thickness presents a very delicate bluish-pink tint, and

shows two absorption bands, one in the yellow green, D-|- E,

and the other in the pure green at E. The absorption is

H3
cd
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Fig. 24.—Showing gradual increase of absorption band of rhodamine pink

on deepening its solution. The colour varies from a delicate bluish-

pink (a) to a pure scarlet (h) at 20 centimetres thickness.

strongest in the yellow green (see (a)). The same dye

solution, increased to | centimetre thickness, appears to the

eye a light magenta tint, which, on examination with the

spectroscope, shows an increased absorption, the bands in

the yellow green and green becoming denser and broader

[see (b), Fig. 24].

If the solution be increased to 1 centimetre thickness,

H
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one strong and decided absorption band is observed, the two
bands having joined together, extending from immediately

beyond the D line in the greenish yellow, through the E lines

in the green, and gradually decreasing in absorption towards

line F in the blue green [see (c)]. At 2 centimetres thick-

ness, when the rhodamine solution assumes a rich magenta
hue, a further increase in absorption is noticed, the band
extending from D in the yellow to F in the blue green, and
also a slight decrease in the violet rays is observed.

At 3 centimetres a still further absorption takes place,

and this increases gradually until at 5 centimetres the dark

band extends from Of D in the orange to azure blue, F^ G,

the blue being transmitted, absorption commencing again at

the blue-violet, and continuing to the end of the spectrum.

At 10 centimetres thickness the solution, on viewing

through that depth, is of a crimson-red hue, and from its

absorption band [see (g)], consists of red and orange red from

A to C and azure blue between the lines F and G, all the

other rays of the spectrum being absorbed.

At 20 centimetres depth, (h) spectrum, the solution ap-

pears to the eye of a deep scarlet or ruby-red colour, with

no trace of a bluish or magenta hue. Its spectrum shows

all the blue rays are now absorbed, and total absorption

extends from the violet end through all the colours to nearly

C in the orange red, so that the transmitted light consists

of only red and orange-red rays.

This example of rhodamine has been taken in detail, as it

furnishes a good instance of what is termed selective absorption

or dichroism, showing how a colouring matter in dilute solu-

tion reflects or transmits a large number of coloured rays

which are gradually one by one absorbed as the colour is

strengthened or its solution deepened.

In all such cases as we have given, the rates of colour

absorption differ from each other ; certain coloured rays are
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absorbed and disappear, while the others are more freely

transmitted. Hence the transmitted light, being the sum

of all the unabsorbed rays, must vary in its composition

according to the concentration of the coloured solution,

or the depth through which the light has traversed.

§ 40. The phenomenon of dichroism is one of much

importance to the dyer and colourist, as the same effects

of selective absorption are observed when colours are dyed

upon fabrics, or pigments are mixed upon the artist's palette.

Thus it will often be found that reds, when diluted to make

tints, go off into an orangy cast ; while blues, instead of re-

ducing into pure tints of blue, become either greenish blues

or reddish blues. Yellows, too, are often noticed to become

buffy when reduced to form a light tint.

The behaviour of a colouring matter on dilution is a point

of much importance to the dyer, because it is evident that

a deep tone of blue or red may not give an equally balanced

colour series, stepping gradually from the deepest tone to

its lightest tint, without requiring to be tempered with an-

other colouring matter to keep the series in a harmonious

gradation (see Chapter V.).

A colour dyed on a velvet fabric having a plush pile is

sometimes found to present a different hue from the same

dyestuff when printed on calico or dyed on a plain-surfaced

fabric. The repeated reflections within the minute inter-

stices of the dyed velvet pile act in the same manner, and

give the same effect, as the deepening of the colour solution,

which results in the selective absorption of certain coloured

rays. Thus, to take the example of quinoline blue as being

the most characteristic, a plain surface of tapestry, or of

calico, dyed with this colouring matter will appear much

bluer in hue than when the same dyed material is cut into

a velvet pile. In velvet material the light penetrates deeply

among the fibres, and becomes enriched by repeated internal

til

(
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reflections. At each reflection a minute quantity of the

blue and green rays is absorbed, which gradually increases

the percentage of the red rays until, as in its deep solution,

the reflected light, after being robbed of its bluer rays,

assumes a much redder hue.

§ 41. It will always be observed that colouring matters

which show a tendency to transmit the red rays more
readily than the blue and violet ones, appear much redder
in artificial light, like gas, oil lamp, or candle light. The
quinoline blue, for example, is a fine blue by daylight and
a reddish violet by gaslight, owing to the facility with
which it transmits red rays. This may also be noticed with
dyed shades of methyl violet, which redden more in gaslight

than a similar shade dyed with a non-dichroic violet.

Dichroism also explains the peculiar reddish tone seen on
some of the aniline violets when dyed on silk.

Acid extract of indigo (indigotin disulphonic acid) is

slightly dichroic, transmitting the red rays more freely,

and this causes it to appear redder in gaslight than
other blues, which may match it perfectly in daylight.

Several colouring matters, when combined to form compound
shades, show a very decided dichroistic property which makes
them objectionable for dyeing. In such cases the lustre of

the fibre and the texture of the dyed fabric effect a marked
change in their appearance. Peculiar olive green shades

can be made by dyeing with naphthol yellow or fustic and
methyl violet or acid violet (7 B), which show this property

in a remarkable degree ; appearing sages and olives on plain

fabrics and calico, but changing to bronze and plum shades

on a cut-surfaced or velvet pile. But we cannot enlarge

further on this interesting branch of colour science. (For

difficulties experienced in examining and matching such
shades, the reader may consult the companion work on
Colour Matching on Textiles.)



CHAPTEE V.

COLOUR PRIMARIES OF THE SCIENTIST VERSUS THE DYER
AND ARTIST—COLOUR MIXING BY ROTATION AND BY
DYEING — SECONDARY AND TERTIARY COLOURS— CON-
STANTS— HUE, PURITY, BRIGHTNESS— TINTS, SHADES,
SCALES, TONES, SAD AND SOMBRE COLOURS—COMPLE-
MENTARY COLOURS.

§ 42. Except in special cases of defective colour vision,

the optic nerve is so constructed as to be capable of dis-

tinguishing three elementary colour sensations or primary

colours, which 'produce, by their various degrees of com-

bination, all the innumerable mixed shades to be found in

nature. What these three primary colour sensations are

has long been a moot point with philosophers ; but, at

the present day, nearly all authorities agree in selecting

red, green and violet as the three elementary sensations of

colour.

This theory was propounded as early as 1802 by Dr.

Thomas Young, but it received little attention until, in recent

years, it was re-established and developed by Helmholtz,

Clerk Maxwell and other scientists. This theory is now

generally adopted as the true one, as it explains satisfactorily

all the various colour phenomena. It must not be forgotten,

however, that in 1792 the German philosopher Wunsch

selected these three so-called primary colours, which are now

accepted as the best combination. But, wondrous to relate,
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this, the true primary theory, as expounded by Young and
Helmholtz, seems to have been anticipated, centuries before,

by the mighty " Master of those who know," Aristotle (300

B.C.). In his Meteorologica, hi., 2, he says :

—

' The colours of the rainbow are those which, almost

alone, painters cannot make. For they compound some
colours ; but scarlet, green and violet are not produced by

mixture, and these are the colours of the rainbow." 1

The old and most prevalent idea which has been known
to painters and dyers from the earliest times is that red,

yellow and blue were the three elementary colour sensations.

This theory, however, is wrong as regards the mixture of

absolutely pure colours such as found in the spectrum, i.e.,

coloured lights
; but it is the only applicable standard for

painters, dyers and all those employing ordinary impure
colours. If we might so express it, the red, green and

violet are the theoretical primaries of the philosopher dealing

with pure coloured lights ; while the red, yellow and blue are

the practical primaries of all workers in ordinary colours like

pigments, dyes, etc. As the two theories are apt to prove

confusing to the beginner, a few words of explanation may
be useful.

The red, yellow and blue theory owes its origin to a

mis-interpretation of the phenomena observed in mixing

coloured pigments, dyes or superposing coloured glasses, etc.

The most distinguished defender of this doctrine was Sir

David Brewster, hence it is often known as the "Brewster
theory". The laws regulating its phenomena have been

elaborately wrought out by Chevreul, Hay, Kedgrave, Field

and others, and as it proves the only applicable standard to

dyers and colourists, it must ever remain their cherished

theory. As we proceed, however, we shall understand

aFor this extraordinarily prophetic statement, the writer is indebted to

Mr. W. Benson, in his beautiful work, the Principles of the Science of Colour.
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more clearly the true interpretation of the various colour-

mixing phenomena.

In many cases the two theories have given rise to con-

fusion of ideas. The student must ever bear in mind that

the scientifically true primaries of the philosopher, who

mixes pure spectrum colours and coloured lights, is one

standard; while the convenient primaries, red, yellow and

blue of the artist and the dyer, is an altogether different

standard.

And why? Because the tivo theories are based on totally

different colour phenomena. In' mixing coloured lights it is a

question of addition: in mixing dyes and pigments it is a

matter of subtraction.' The former may be represented by

a plus ( + ) sign, the latter by a minus (-). When coloured

lights are combined, the sum of the two is the result. If the

two coloured lights be complementary to each other, white

light is produced. But if two complementary coloured dyes,

paints or glasses be mixed, a grey is produced ;
or, if the

colours be sufficiently strong, a black is the result. All the

coloured rays transmitted through the one are absorbed or

quenched by the other, as we have already seen in Chapter

IV., Fig. 15 (see also the dyed specimens on Plate I. at end

of book). Each colour subtracts from the other the rays

which it does not itself transmit. It is the absorption of

certain coloured rays with the reflection of others that pro-

duces the innumerable shades to be found in nature and

art.

§ 43. The various methods of mixing colours employed

by the physicist, i.e., by rotating coloured discs, super-

imposing by reflection one colour upon another, or casting,

by means of a lantern, coloured lights upon a white screen,

etc., are all unsuitable to the dyer, and of no service to the

mixer of ordinary everyday colours. A few examples might

be given to illustrate this. Thus, if a deep shade of blue,

• i
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dyed with acid violet 7 B, and an orange yellow, composed of

2 of naphthol yellow, and If of orange G, be mixed together
in the dye-bath, a very deep maroon, or even a black, is

produced. But, if the light from these two dyed colours, the

"blue and the orange, be combined together, the result is not

a maroon, nor anything like it, but a light pink, approaching
almost to a magenta tint. The greater the portion of the blue

light, the pinker the combined hue.

One of the simplest methods of combining the lights

^^'iiiiiiiniiiiiiii.iRMiiiiiii i iiiiHiiniiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiinn

Pig. 25.—Mixing coloured lights by Lambert's method.
AA= colours to combine. B = sheet of glass.

reflected from the surfaces of coloured objects is that devised

by Lambert in 1760. The two coloured materials are laid

side by side upon a piece of black cloth placed upon a table.

A piece of clean glass is placed upright between them, and,

by looking through the glass at a certain angle, the reflected

images of the two coloured surfaces will be combined, one
upon the other, as in the illustration. By slightly inclining

the glass plate from the perpendicular position, either towards

the one colour, or the other, it is possible to strengthen or

reduce the proportion of the coloured light.
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Coloured Lights combined.

Fig. 1.

Fig. 3.

Fig. 5.

Plate III.

Dyes and Pigments combined.

Fig. 2.

Fig. 4.

Fig. 6.

Fig. 7.

To show the very different results produced by mixing Coloured

H

MM

ST:

Lights versus Dyes.
[See Chapter V.]
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This is a simple and instructive experiment which every

colour student may profitably perform for himself. In the

example we have just described, when the light from the

orange predominated over that of the blue, a greyish pink

was produced, while the vice versa gave a light violet pink.

If, in the same manner, the light from a piece of cloth, dyed

an emerald green, be combined with the light from a bright

eosine, or rhodamine pink, a greyish white is produced ;

which truly represents the effect of the combination of

complementary coloured lights. If, however, a piece of

material be dyed in the dye-bath with rhodamine pink and

a bright green, a series of reddish browns or russets are

obtained if the pink be in excess, or, if the green pre-

dominates, a series of blue greys is the result. This might

readily be guessed by the examination of their combined

absorption spectra.

Complementary coloured lights, therefore, when combined,

produce whiteness; while complementary dyes and pigments-

produce blackness. By mixing blue and yellow lights a

greyish white is produced, which is in accordance with the

facts just mentioned ;
whereas, in dyeing and painting, as

every one knows, a green colour is the result of their com-

bination (see Figs. 3 and 4, Plate III.). We have learned

in Chapter IV. the correct interpretation of such absorption

phenomena.

The following are a few examples showing the different

effects produced by mixing colours : (1) by the philosophers'

method, namely, by the rapid rotation of the coloured discs,

and (2) by the dyers and painters' method (see also Plate III.).

The colours chosen are, as near as possible, representative

colours, dyed upon wool or silk fabric.

m

I
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Colours mixed.

.

Naphthol yellow
Victoria blue
2 R scarlet

Azure blue

.

Red .

Yellow green
Acid magenta
Green
Red, deop shades
Green
Methyl violet

Yellow green
Yellow
Methyl violet

Orange
Deep violet

Blue .

Red .

Purple
Green

Shades produced by dyeing. Shades produced by
rotation.

Fine green.

Maroon or black.

Terra cotta shade.

Dark red, or a violet.

Black.

Dark plum shade.

From dull sage to a claret.

Dull crimson.

Deep red or maroon.

Dark green or sage.

Grey.

Reddish purple tint,

Very pale pink.

Pale reddish pink.

Grey.

White.

Yellowish white.

Light bluish pink.

Violet purple.

Grey.

A sufficient number of examples have been given to

illustrate how the mixing of colours by the rapid rotation,

or any other similar method employed by the physicist, is

altogether unsuitable for the dyer, printer, artist, and all

those engaged in the practical mixing of colours.

Plate III. illustrates the different results obtained by
mixing coloured lights in comparison with that of dyes and
pigments.

Red and green lights combine, as in No. 1, to form the

sensation of yellow, while in dyeing and ordinary colour

mixing a grey or black is the result, as in No. 2.

Blue and yellow lights when combined produce white
light 3—indistinguishable by the naked eye from the
ordinary white daylight composed of all the spectrum
colours. The spectroscope or prism, however, would reveal

the difference.

Blue and yellow dyes, as we already know, produce not
white but green, as in No. 4.
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Nos. 5 and 6 (Plate III.) show the difference between

mixing pink and sea-green lights, and pink and sea-green

dyes. In the former a faint bluish-pink tint is obtained,

approaching almost to a white ; while in dyeing, a beautiful

shade of violet is the result. By combining the blue and

yellow of No. 7 by Lambert's method (see Fig. 25) a greyish

white is produced, instead of a green.

For many years it was supposed that the results given

by these two methods of colour mixing, namely, by dyeing

or painting, and by rotation, were identical ; but, after a few

experiments such as we have stated, it is seen that they are

by no means the same. Lambert, in his famous investi-

FiG. 26.—Diagram illustrating Lambert's method,

gations on colour about 1760, found that by combining blue

and yellow lights, in the manner shown in Fig. 25, he

obtained not a green but a white.

If we take a cardboard disc like Fig. 26, one half of which

is painted with ultramarine blue and the other with a pale

chrome yellow as shown in No. 7 of coloured Plate III.,

and rotate it quickly before the eye, so that the blue and

yellow are mingled upon the retina of the eye, there is

produced not a green, but a grey, slightly tinged with yellow.

If the proportions of the blue and yellow be carefully adjusted

it is possible to remove this tinge of yellow and obtain a

pure neutral grey. This same result may be found by

combining the blue and yellow by means of the Lambert

method, i.e., by placing a sheet of clean plate glass on the
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line AB of Fig. 7, when, by looking through the glass in a
manner similar to that shown in Fig. 25, the image of the
yellow overlaps that of the blue and a dull yellowish grey
is seen as the result of their combination. By slightly

tilting the glass from the vertical position, the proportion
of the yellow or the blue light may be varied until a fairly

good grey tint is obtained. These simple experiments there-

fore show that the Brewster theory of yellow and blue
producing a green, does not hold good so far as coloured

lights are concerned. If instead of the blue and yellow
pigments we used lights, or the pure spectrum colours, the
result would be a pure white light instead of a dull grey.

As this little manual is intended for dyers, calico

printers, and others who must adopt the practical primaries,

red, yellow, and blue, we need not enter further into the
various methods employed by the physicist in mixing
coloured lights; but would refer the reader to the larger

works on colour physics.

§ 44. In mingling two coloured pigments or dye solutions,

the resultant colour is due, as we have already seen, to the

double absorption or subtraction which the light has under-
gone. What remains over is the coloured light which
emerges unabsorbed by either of the mixed colours. For
several reasons it is necessary for the dyer and colour mixer
to keep to the old primaries of red, yellow and blue, which,
with the addition of black and white, produce all the colour

sensations the eye is capable of perceiving. The black and
grey can be produced by mixing these three primaries

together. Having, therefore, decided on the Brewster triad

—i.e., red, yellow and blue—it may be well to introduce the
Secondary Colours, orange, green and violet, thus:—

Red + yellow produces orange.

Yellow + blue ,, green.

Blue + red ,, violet or purple.

(See Coloured Frontispiece, also Fig. 27.)
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The dyer, by varying the proportions of the primaries,

can obtain innumerable gradations of hue ; thus in the case

of orange a series can be made ranging from an orange red

on the one hand to an orange yellow on the other, thus :—

Secondary Colours.

3 Red + yellow = orange red.

2 Red + yellow = red orange.

Red + yellow = orange.

Red + 2 yellow = yellow orange.

Red -f 3 yellow = orange yellow.

The production of the secondary colours by the com-

bination of two of the primaries is seen in Plate I. (frontis-

piece) and also at Fig. 27, page 75. In the same way a great

variety of greens, ranging from greenish yellow to a blue green,

and of violets from a blue violet to a red or purple hue can be

produced by varying the proportions of the two primaries.

m

TEBTIARY COLOURS.

§ 45. Tertiary Colours.
—
"What are termed tertiary shades

are those produced by the combination of all the three

primaries. The third primary colour, however, does not

produce a new hue, but merely plays the part of dulling or

saddening the other two by forming a certain amount of grey

or black by its combination ; hence the many indescribable

shades used in the Arts, and known as tertiaries, are simply

the primary or secondary hues dulled with grey.

In the frontispiece (Plate I.) is shown the tertiary shades

produced by the combination of two secondaries. Green

and orange combine to form olive or citrine. Orange and

violet produce a reddish brown or russet ; while green and

violet give a blue grey or a slate hue (see Fig. 27). But,

if we examine carefully the formation of these so-called

tertiary shades, bearing in mind that the three primaries

together produce grey or black, it will be found that they are

I

1
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nothing more than broken, or dulled tones, of the primaries

and secondaries.

Let the symbols E, Y, B stand for red, yellow and blue,

and we may analyse the tertiary shades as follows :

—

2 Y + R + B = Y + grey = yellow-grey or citrine.

Y + 2 R + B = R + grey = red grey or russet.

Y+ E + 2B = B + grey = blue grey or slate.

Thus the three shades—citrine or olive, russet and slate—are

simply the three primaries, yellow, red and blue, flattened with
a quantity of grey. This is clearly illustrated in the coloured

Plate IV., where the three primaries are mixed with a neutral

grey, when these three tertiary shades are produced (see

Plate IV.).

There are six normal tertiary shades altogether, the other

three (sage, buff and plum) being produced by an excess of

two primaries, thus forming dulled tones of the secondaries,

green, orange, and violet. These may be represented as

follows :

—

2 Y + R + 2B = Y + B + grey = green grey or sage.

2 Y + 2 R + B = Y + R + grey = orange grey or buff.

Y+2R + 2B = R + B + grey = violet grey or plum.

From the above it will be observed that the more colours

there are in a mixture the duller or sadder is the colour pro-

duced, as a greater quantity of black (caused by absorption)

is formed by their combination. This forms the one great

difference between the mixing of coloured lights and the

mixing of dyes and paints.

In mixing coloured lights the resultant hues produced
have the combined brightness or luminosity of the con-

stituents
; while in mixing two dyes the result produced is

much lower in brightness, because of the double absorption

of coloured rays which the two colours have undergone.

For example, if violet and yellowish-green lights be com-
bined, a white is produced, having the combined brightness of
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Plate IV.

1

1

Showing how the Tertiary shades, Russet, Citrine and Slate, are

simply the three Primaries, Red, Yellow and Blue, dulled with Grey.

[See Chapter V.]
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both of these lights ; while in dyeing and painting, by mixing

violet with a greenish yellow a deep plum shade is produced

;

as the eye receives only those rays which have escaped the

absorptive action of both the violet and the yellow green.

In the former case the result of the mixture is brighter than

either of its constituents ; in the latter case it is duller than

either, from its being largely mixed with grey due to ab-

sorption (see also § 43).

§ 46. In the dyed specimens to be found at the end of

the book are .several soft tertiary shades prepared by the

admixture of the three dyestuffs—Victoria yellow, or orange,

azo acid magenta, and indigo substitute blue. Where the

orange is in excess, a shade of yellow brown, or old gold is

produced, as at No. 10 ; but, if the blue be increased to form

a greater proportion of grey, then a sadder or natter shade

is formed, i.e., a dark rich brown as seen at No. 6. If the

blue and yellow—producing a green—be in excess, then a

sad green, or what is termed a sage, is the result, as at

No. 11. It is seldom that two complementary dyestuffs

—

unless they be very strong and concentrated—can completely

absorb all coloured rays when they are combined : yet in

dyed pattern Plate I. we have a good example showing that

when Victoria rubine and acid green are combined together,

total absorption of light, or a black is produced, as shown
in No. 3.

If the proportions of the three dyestuffs already men-
tioned, i.e., Victoria yellow, azo magenta, and indigo blue

substitute, be carefully adjusted so that neither of them
predominate in the slightest degree to form a tertiary shade,

then the result is a pure, neutral grey, such as we have at

Nos. 7, 8, 9 of the dyed patterns. These are beautiful ex-

amples of neutral greys, produced by the careful combination

of the three primaries. For the proportions of dyestuffs

employed in dyeing each shade, see page 87.
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§ 47. Before proceeding to study systematically the

various phenomena produced by mixing colours, it may be

well to say a few words concerning some important points

in the correct use of colour terms. Much confusion often

arises from the slack, indefinite way in which colours are

sometimes described.

COLOUR CONSTANTS.

Colour Constants.—The first characteristics to be con-

sidered in relation to a colour are three in number—namely,

hue, purity, brightness. These are generally termed its colour

constants.

1. Hue.—The hue of a colour is that which is generally

understood by the term colour, such as yellow, green, purple,

blue, etc. The excessive predominance of one or two of the

simple colours over the rest gives the hue to a colour, and

the greater that predominance, the stronger will be the hue.

This is really the first characteristic of a colour which

demands our consideration, and from it we endeavour to

name the colour. In mixing one colour with another the

original colour must always predominate, otherwise it will

become a hue of the colour which has been added. Thus

in mixing red and blue together to produce violet or purple,

if the red be in excess the result will be a violet of a red hue;

but if the blue be in excess, then a violet a blue hue is pro-

duced. It is easy to remember the series of hues, when we

bear in mind the various gradations of hue present in the

spectrum or the rainbow, red, orange, yellow, green, blue and

violet.

Thus it is more correct, in describing a reddish yellow, to

speak of it as a yellow of a reddish hue than to say a yellow

of a red shade, though this expression is very generally used

in commerce and among dyers and colourists. The term

shade, as we shall see presently, signifies in its correct
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sense an admixture of grey or black. It is likewise better

to describe reddish blues and violets as being of a red hue.

It is wrong to employ the term tint instead of hue, as this

term implies an admixture with white, or reduction. Thus

we would not describe a greenish blue as a blue of a green

tint, or a yellow of an orange hue as having an orange

tint.

Cast.—This term is often employed to denote the dis-

tinctive hue of a colour. Thus we may describe a red as

being of a bluish cast, or a blue having a green cast,

meaning its prevailing tendency of hue.

2. Purity.—By the purity of a colour is meant its free-

dom from admixture with white light, or with any other

colour. The purest colours, and therefore the standard of

purity, are those of the spectrum obtained by passing sun-

light through the prism, as represented in Fig. 2 (see § 16).

When comparing ordinary colours, such as pigments or dyed

materials, with certain portions of the spectrum, it will be

found that though they correspond fairly well in hue to the

spectrum colour, there is a want of depth and richness

;

which makes all such coloured objects appear pale before the

pure colours of the spectrum. This is due to the quantity

of white light reflected from the surface of all pigments and

dyed materials. None of the ordinary colours can match

the hues of the spectrum for purity. A pure colour is often

termed saturated. But it must be remembered that a pure

colour is not necessarily a bright or a rich colour, for there

are some parts of the spectrum where the colours, which

are perfectly pure, are not bright. Colours which appear

pure to the eye may nevertheless reflect many differently

coloured rays. We have already learned (§ 25) that naphthol

yellow, for example, reflects not yellow rays merely, but a

large number of red, orange and green. The beautiful

aniline blues, which appear perhaps, quite pure to the un-
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aided eye, reflect as a rule, a considerable amount of red,

green and violet light. It is indeed very seldom that a

pure, monochromatic colour is found, except when the colour

solution is strong, or when dyed a deep, full colour on some
rich-lustred fibre like silk. No ordinary pigment or dyestuff

is perfectly pure coloured or monochromatic.

3. Brightness or Luminosity . This is the third colour

constant, or feature of importance, in colour examination,

and is distinguished by the total amount of light which
is reflected from the colour to the eye. It is also described as

the " clearness " of a colour. By various scientific methods
it is possible to ascertain the relative degrees of luminosity

possessed by the spectrum colours, and it is found that the

most luminous colour is orange - yellow ; while the least

luminous—as might naturally be supposed—is violet. Be-

tween these two extremes there are all intermediate degrees

of brightness. The following colours are (according to Prof.

Rood) tabulated in a descending ratio of luminosity :

—

Equal in luminosity

1. Orange yellow = most luminous

2. Orange .....
3. Greenish yellow to green

4. Orange red ....
rBlue green

5.
-J
Cyan blue

I Red (cherry)

r. /Pure red ~l

I Blue i

7. Ultramarine blue .

8. Dark red

9. Blue violet

10. Violet = least luminous

7,000

6,000

3,000

2,000

1,000

400

90

80

30

13

Having now considered the three distinguishing features

of colour, or the constants, i.e., (1) hue or colour proper
;

(2) purity, or freedom from white or other coloured light
;

and (3) brightness or luminosity, we may now consider the

proper use of a few of the commoner colour terms.
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§48. TINTS AND SHADES.

Tint.—The addition of white in regular quantities to a

colour produces a reduced scale, or what are termed tints,

of the normal hue. In dyeing or calico printing the admix-

ture of white is, of course, an impossibility, but if the colours

be dyed on a white material the gradual diminution of the

quantity of the dyestuff equals the same thing.

It is said that 1 part of white light added to 360 parts

of coloured light produces a very slightly paler tint that can

be distinguished by the practised eye, and it is here that

the skill of the experienced colourist is shown. An eye

trained to distinguish the nicest variations in the hue or the

tint of a colour can see decided differences in two colours

which, to an ordinary person, appear as identical.

It is an important point to remember that in reducing

a colour to form a good series of tints, there should be no

variation in the hue of the colour. It is often noticed by

textile colourists that in reducing certain colours into a scale

of tints, the normal colour changes slightly in hue as it

becomes weakened, thus giving to its lightest tint a slightly

different cast of hue. In such a case it is often necessary to

add a minute quantity of some other colour ingredient in

order to maintain a regular gradation of hue.

For example, in reducing a red to form a salmon tint, it

may be found to go off into too bluish a cast, and requires

the addition of a slight touch of yellow to make it right.

Yellows, in reducing into tints, often go off into a greenish

cast or become buffy or reddish. Hence, it is often well for

colourists and dyers to make trials in reducing their dyes to

see how they go.

It is very seldom that in reducing blacks we get good

greys, as some go purplish, others go reddish, while some

reduce to a greenish tone, and hence it is necessary to add
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some other colouring matter to neutralise this predominant
hue and form a pure grey. The Chinese colourists have
long been well aware of this, and the secret of their " Chinese

ink " is that even when it is reduced with white to form the

lightest tints it still preserves its fine neutral grey tone.

In reducing all classes of colours—yellows, greens, blues,

etc.—to form tints, the colourist must often find that they

require the aid of another colouring matter to keep them
on the proper scale. The cause of this gradual difference

in hue is owing to the natural impunity of all ordinary dyes

and pigments and to the property of selective absorption,

or dichroism, already considered in Chapter IV. (see § 39).

For tints which harmonise or are complementary see

Fig. 29.

Shades.—The addition of black in regular quantities to

a colour produces a darkened scale, or what are termed shades,

of the normal colour. The term "shade" in the ordinary

colour nomenclature of commerce is greatly misapplied, 1

and we hear it constantly used where the wcrd hue is more
correct. Thus a clear yellow is often described as a "pure
shade " of yellow, which is a misuse of the word. A bright

and pure hue cannot be correctly termed a "shade," which
necessarily implies a greyness or dulness. The word shade

is a very general one, and includes all the many tertiary hues,

which are simply the primary and secondary colours flattened

with grey or black, and all the variety of so-called mode or

fashionable colours. These are sometimes described as

" shades of tints ".

The following are a few of the fundamental colours with

their corresponding tints and shades :

—
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Fundamental colours.

Red (bluish) .

Vermilion
Scarlet (orangy red)

Orange red

Orange .

Yellow orange
Orange yellow
Yellow .

Yellow green

.

Emerald green
Bluish green .

Turquoise
Colbalt, blue or indigo

Purplish blue

Mauve or bluish purple

Violet .

Reddish purple
Bluish red or crimson

Tints (admixture with
white).

Shades (admixture with
black).

Pink.
Yellow pink.

Salmon buff.

Salmon buff (yellowish).

Salmon.
Amber.
Cream.
Lemon or sulphur.

Straw.
Pea green.

Sea green.

Pale turquoise.

Pale blue.

Azure.
Lavender.
Amethyst or light violet

Heliotrope.

Pink (bluish).

Maroon.
Russet.
Brown.
Yellow brown.
Terra cotta.

Yellowish terra cotta.

Old gold.

Citrine.

Olive.

Sage.
Myrtle.
Dull indigo.

Slate, to a deep navy blue

Blue slate.

Purply slate.

Puce, or purplish black.

Plum, or maroon.
Claret, or garnet.

For finding the various tints and shades which harmonise well with each

other, or what are termed " complementary," consult Figs. 29 and 30.

The number of tertiary hues, with their tints and shades

which can be produced by admixture is of endless variety,

and we have only to examine the many beautiful pattern

cards issued by the various colour manufacturing firms to

realise the immense number of hues, all differing more or

less from each other.

§ 49. SCALE OF COLOUR.—A scale is the collection or

series of gradating tones of a given colour. There are as

many scales as there are hues. Such a series of colours is

sometimes termed " stepping " shades.

Besides the reduced scale of tints and the darkened scale of

shades there is sometimes termed a dulled scale of broken

tints, i.e., normal hues mixed with progressive proportions of

grey. These are generally termed " broken hues,' ' and are

merely dulled tones of the primaries and secondaries.

Tones. The series of gradations of a hue, weakened by

the addition of white, or shaded by the addition of black, may

1

i
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be termed tones of that colour, but they may also be
described as tints and shades, as already given in § 48.

Sombre and sad colours are those belonging to the blue

and violet class, and the broken tones of the luminous
colours.

§ 50. COMPLEMENTARY COLOURS—It has already been
stated that certain pairs of coloured lights, when combined,

produce white light. These colours are said to be comple-

mentary to each other. The following pairs of colours are

complementaries :

—

Red
Orange

Yellow

Green yellow

Yellowish green

Green

and green blue.

,, deep blue.

,, ultramarine blue.

,, violet.

purple violet.

red violet or purple.

With the Brewster or practical theory of primaries—red,

yellow and blue—which the dyer and artist must adopt, the

^combination of two complementary hues produces grey or

black, as the one colour absorbs all the rays of its comple-

mentary, and darkness is the result. It may be simply stated

that the colour which is absent from a mixed colour is the

complementary. Thus :

—

Orange (composed of red and yellow) is the complementary of blue.

,, red.

» „ yellow.

,1 ,, violet.

„ ,, orange.

„ green.

For a more extensive series of complementary hues see

Figs. 29 and 30.

The complementary of a primary colour is therefore the

secondary composed of the other two primaries.

A simple method of illustrating the primary, secondary

and tertiary hues and their complementaries is seen in our

coloured frontispiece, of which Fig. 27 is a diagram. In the

Green
( )

)

yellow and blue) ,,

Violet
( J J

blue and red)
,,

Citrine
( 11 green and orange)

,,

Slate
( >> green and violet „

Russet
( J) violet and orange) „
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first are shown the three primaries, red, yellow and blue,

combining to form the three secondary hues, orange, green

and violet.

n
GREEN

xtciTRINE/ \SUVTEj

( \m /black\my
I \| I

orange'\RUSSET,1 VIOLET

\ \nt/

1

1

VL

jnIG , 27.—Diagrams showing the formation of secondary and tertiary colours

from the three primaries red, yellow and blue. (See the coloured

frontispiece, Plate I.)

In the coloured frontispiece it will be observed that

—

Red and yellow when combined produce orange,

Yellow and blue ,, ,,
green,

Blue and red „ ,,
violet

;

while the three primaries combined produce that absorption

of all the coloured rays of light which represents black.
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In this diagram the complementary colours are found

opposite each other. Thus :

—

Red is opposite to its complementary, green,

Yellow „ „ „ violet,

Blue „ ,, „ orange,

and vice versa.

In the same manner the second diagram of frontis-

piece or of Fig. 27 illustrates the formation of the three

tertiary shades by the combination of the secondaries,

orange, green and violet.

Orange and green produce citrine.

Green and violet ,, slate.

Violet and orange ,, russet.

Orange is opposite its complementary, slate.

Green „ ,, „ russet.

Violet „ ,, „. citrine.

In making pure tones of the secondary colours by the

admixture of primaries, it is necessary to select those pri-

maries having a tendency of hue towards the desired seco?idary

;

otherwise very poor and dull colours will be the result. To
make a pure green, for example, the yellow and the blue

must not be of a reddish cast, but be somewhat greenish in

tone.

The presence of a little red along with yellow and blue

produces a quantity of grey, which mars the purity aud

brightness of the green. This explains the reason why, in

dyeing with a mixture of yellow and an alkali blue of a violet

cast, a citrine shade is produced instead of a good green.

But this subject, which is of the utmost importance to

every dyer and colour mixer, is fully discussed in our next

chapter on Colour Mixing. For the effects produced by
mixing suitable and unsuitable primaries see coloured Plate V.

§ 51. A knowledge of the various complementary colours

is of great importance to every dyer and colourist, as it enables
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him to produce the finest effects of colour harmony and con-

trast. It is also of much service in studying the various

phenomena observed in matching colours.

A ready method of finding the harmonising complemen-

tary of any given colour is found in the arrangement termed

the " chromatic circle," which has already been introduced

in Figs. 13 and 17. Though simple, it is a most con-

venient device for studying the chief varieties of colour and

their mutual relations to each other. Fig. 28 represents the

chromatic circle in its simplest form. At equal distances

around the circumference are placed the three ordinary prim-

Fig. 28.—Chromatic circle.

aries _ red, yellow, and blue— and their complementary

secondaries— green, violet, and orange— are found exactly

opposite them on the circumference. The colour at one

end of any of the diameters is the complemetary to that

found at the other end. A more extended chromatic circle

is seen in Fig. 29, where sixteen different hues have been

selected, forming eight pairs of complementaries. The inner

circle represents the tints obtained from the various colours

by reducing them with white.

In the table below is given the list of the corresponding

complementaries which are found opposite each other in the

outer chromatic circle :

—

i

i
i

i
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Pairs of Complementaries.

Scarlet carmine and emerald green.

Crimson

Violet or purple

Blue violet

Purplish blue

Cobalt blue

Turquoise

Blue green

yellowish green,

yellow.

orange yellow,

yellowish orange,

orange,

orange red.

vermilion red.

In the same manner the complementary tints are as

follows (see inner circle, Fig. 29) :

—

Pairs of Complementeries (Tints).

and pea green.

Pink

Heliotrope violet

Lavender

Azure

Pale blue

Pale turquoise

Sea green

straw.

lemon.

cream.

amber.

salmon.

salmon buff

yellowish pink.

When these complementary colours or dyestuffs are

combined, either on the palette, in the colour-tub, or in the

dye-bath, darkness or a grey is produced. If the colours be
sufficiently strong, a black will be the result. Owing to the
natural impurities always present in ordinary colours, how-
ever, it is seldom that two dyes, unless in a concentrated
state, produce a good black, as the slightest predominence
of one of the colour constituents gives to the result a certain

cast or hue which takes it from a pure grey or black.

Archil, which is of a deep claret hue, when combined
with indigo extract, gives a good dense black, as the one
colour totally absorbs the light of the other. Azorubine and
acid green produce, when mixed, a fair black, and the beau-
tiful pink of rhodamine, when combined with a yellow green,

gives shades of bronzy grey. If the colouring matters be
mixed in such a proportion that one colour predominates over

another, then the mixed colour will have the hue of the
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colour in excess. Thus, if scarlet and green be mixed so that

an excess of green is used, a sage shade is produced ;
while,

if the scarlet be the predominating colour, a brown or russet

is the result.

In our next illustration, Fig. 30, we have a chromatic

but the inner circle here repre-

RED
circle similar to Fig. 29

GREEN
j'IGi 29.—The inner circle represents the effects of adding white (tints) to the

saturated colours named in the outer circle. The tints opposite each

other are complementaries.

sents the effect produced by combining the complementaries

named at the opposite side of the outer circle.

It will be observed that all these tertiary hues are, as we

have already learned (see § 45), merely primary and second-

ary colours saddened with varying proportions of grey or

black.
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The results of the mixing of the two complementaries may
be represented in the following table, in which the colour

which predominates in the mixture is printed in larger type.

Thus scarlet carmine + emerald green = brown, may be
taken to represent that a mixture of scarlet and green, with

RED

CREEN
Fig. 30.—The inner circle represents the effect produced by combining the

complementaries named at the opposite sides of the outer ring. They
are shades of the normal colours, similar to .those produced by the

addition of grey or black.

scarlet in excess, produces a brown ; while scarlet carmine +
emerald green = sage colour, means an excess of green gives

to the mixture a sage hue. The following list of colours,

obtained by admixture, will be found in the chromatic circle,

Fig. 30.

The mixed hues in the inner circle are complementary
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to their opposites in a similar manner to the outer colours

already described.

Shades produced by admixture of complementaries.

Colour in excess. Colour deficient. Result of admixture.

Crimson + Yellow green == Maroon.

Yellow green + Crimson == Olive.

Purple + Yellow == Plum.
Yellow + Purple == Citrine or olive.

Blue + Orange == Slate.

Orange + Blue = Russet.

Turquoise + Orange red -= Dull indigo.

Orange red + Turquoise == Red brown.
Blue green + Vermilion red == Myrtle green.

Vermilion red + Blue green == Brown red.

This brings us now to the important subject of colour

mixing, to be studied in the next chapter.

!
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CHAPTEK VI.

COLOUR MIXING.

MIXING QUALITIES OF COLOURS—PURE AND IMPURE GREEN,
ORANGE AND VIOLET—LARGE VARIETY OF SHADES FROM
FEW COLOURS—CONSIDERATION OF THE PRACTICAL PRI-

MARIES, RED, YELLOW, BLUE.

§ 52. One of the first duties of the colour chemist and the

dyer when testing a colouring matter is to examine, what

we might term, its mixing qualities, and learn if it is suitable

ior producing good colours by admixture with others. It

is well known to colour mixers that two apparently similar

blues, when mixed with equal proportions of yellow, may

give two greens of a very different cast. Some reds and

yellows are better fitted for giving a pure, good orange than

others ; and likewise some blues and reds give very poor

violets compared with others. This is a most important

consideration to the colour mixer, when he mixes his shades

to produce a certain desired effect.

The coloured plate (V.) illustrates the different results

obtained by mixing suitable and unsuitable colours.

In making a green from blue and yellow it must be

remembered that neither of these component colours must

contain any of the third primary red, as its presence gives

rise to a corresponding absorption of the green rays

—

producing an amount of grey which dulls the green colour.

Green, Thus No. 1 (Plate V.) shows how a slightly

reddish blue, like some of the alkali blues, azure or ultra-
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Plate V.

Fig. 1.
Fig. 2.

Fig. 3. Fig. 4.

Fig. 5. Fig. 6.

Showing how the purity and brilliancy of mixed Colours depend

upon the suitability of their Component Colours.

[See Chapter VI.]

j

mr
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marine blues, the reddish brands of Victoria blue, etc.,

when combined with a yellow, does not produce a bright

green, but a green having a large amount of grey—namely,

a citrine. If the yellow be of an orange cast, the effect is

still greater.

This same citrine shade can be reproduced by adding to

a pure bright tone of green a small proportion of red or of

grey. Yellows of an orange cast, such as Indian yellow,

Victoria, fast yellow, etc., and those of the buttercup hue
cannot therefore be used for making good greens by ad-

mixture.

In this example of No. 1, where both the blue and the

yellow tend to be reddish, the effect is of course exaggerated;

but pure bright greens can never be obtained by mixing a

yellow and blue which show a trace of red.

No. 2 shows the brilliant green made by combining a

greenish blue like cyanine blue, wool green, acid green, etc.,

with a clear greenish yellow like chinoline, picric acid, or

naphthol yellows. A superb parrot green of great brilliancy

can be dyed with naphthol yellow and night blue, which is

of a greenish cast. In pattern Plate II. at the end of the

book, is shown a beautiful olive shade No. 5, dyed with

Victoria yellow and indigo substitute. As the yellow and
the blue are both of a reddish tone, a very sad green, or

citrine, is the result of their combination.

Orange.—In the same way, in order to produce a pure

tone of orange, neither the constituent red, nor the yellow

must have a bluish cast ; otherwise a poor, muddy orange

will be the result of their combination.

No. 3 (Plate V.) shows the combination of a bluish red

like magenta, azo rubine, azo carmine, etc., with a yellow,

producing, instead of an orange, a dull russet hue. This is

owing, as we have already stated, to the fact that the

presence of the third primary (in this case blue) produces
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a proportion of grey, which changes the pure orange into

a broken tone.

Exactly the same colour is obtained by adding a slight

quantity of blue or of grey to a pure tone of orange.

No. 4 shows the production of a pure orange by com-

bining a yellowish red or scarlet with a yellow devoid of

any green cast. There being no third primary present no

absorption of the orange takes place, which means that no

grey is present to destroy the purity of the orange.

The purest tones of orange are found in the aniline azo

oranges, of which there is a large variety. They are pure

and unmixed colours (homogeneous), and give a clearer and

better tone of orange than we can get by admixture.

Violet.—Nos. 5 and 6 show the production of good

and poor violets by the admixture of the different qualities

of red and blue. To obtain a full beautiful violet these two

constituent colours should both tend toward the bluish cast.

The result is a violet free from any appearance of grey (see

No. 6).

Bluish reds, such as azo rubine, carmine, magenta, when

mixed with the reddish-toned alkali blues, produce very good

violets.

Where a scarlet red and a greenish blue are combined,

as in No. 5, a poor dull violet is the result. The presence

of the yellow primary in the scarlet red produces absorption

of the pure violet, and gives to the resultant violet a greyish

dull effect.

Wool scarlet and cyanine, or patent blue, for example,

give very poor violets by admixture.

The purest tones of violet are obtained from the aniline

colours, like Hofmann's violet, methyl or ethyl violets, etc.

These are pure and homogeneous colours, and not produced

by any admixture of red and blue.

The above are a few simple examples selected from many
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others which might have been given had space permitted

us; but they are sufficient to show that when colours are

mixed, the character of the resulting colour depends upon

that of its constituent colours : also that when a certain

colour effect is desired it is necessary to pay due attention

to the properties of the individual colours constituting the

mixture. The purity of a compound colour depends upon

the suitability of its constituent colours.

§ 53. In studying the art of colour mixing, one of the

most astonishing features which strikes us is the wonderful

variety of different hues which can be obtained by the com-

bination of only two or three fundamental colours. Although,

at the present day there are thousands of different dyestuffs,

all differing from each other in colour and chemical proper-

ties, the skilled colour mixer requires only a few carefully

selected colours to produce as wide a variety of effect as

,

he desires. By knowing thoroughly the mixing or com-

bining capabilities of his dyes, he may produce, with three

simple dyestuffs, over fifty or more different shades by

simply varying the proportions of the three fundamental

colours.

This fact may be readily observed in examining the many

beautiful pattern cards issued by the various colour firms,

where we find that a splendid selection of fifty or sixty shades,

varying widely in appearance, can be obtained from two or

three simple dyestuffs. For example, from azo-acid magenta,

an aniline blue, like patent blue N., and a yellow, like azo

yellow, can readily be obtained fifty quite distinct shades

;

and from each of these shades may be made a series of four

stepping shades or reduced tints, gradating from the dark

colour to its light tint, so that no less than 200 distinct

shades can be made from these three simple dyestuffs. Be-

tween the four stepping shades of a series the experienced

colourist can distinguish many other intermediate ones, so

;
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that the 200 could be subdivided into three or four hundred

different shades.

A scale or gradating series of shades, from a deep, full

shade to a light tint of the same colour, is, of course, pro-

duced by varying the proportions of the dyestuffs used.

Thus, for 100 lb. of wool :

—

(1) 150 grams azo acid magenta^
nc , , , '-dyes = a delicate tint of heliotrope.
25 „ patent blue J

r

^ „ = a medium shade of heliotrope, a

/ full step deeper than No. 1.

= a deep full purple, a full step

from No. 2.

(2) 300 )> magenta

50 )> patent blue

(3) 600
)J

magenta

100 )» patent blue
}••

The three above shades, light, medium and strong, form

a beautiful gradating series of heliotrope shades.

By altering the proportions of either blue or red a pre-

dominating red or blue shade is obtained.

Thus :—

while-

750 grains patent blue ^

400 „ azo magenta j
giveS a deeP indi§° blue "

100 grams patent blue "\

„„„ J-
gives a deep claret red or maroon.

300 ,, magenta J
& r

In the following table we have the proportions of a few

simple dyestuffs which produce in dyeing a wide range of

useful shades.

Solid Blue. Orange G. Azo Carmine.
Colour obtained by

Combination.

0-45 + 3-5 + 2 Red brown.

0-35 + 3-5 + 0-1 Olive brown.

0-01 + 0-05 + 0-05 Pale salmon.

0-15 + 0-15 + 0-15 Pale plum.

0-15 + 2-5 + 0-2 Golden brown.

1 + 0-5 + 1-5 Violet black.

1-2 + 0-21 + 0-24 Red plum.

From patent blue, azo acid magenta, and azo yellow we
obtain even a wider range of shades. The weights of colour-

stuffs here given (grams) are for dyeing 100 lb. of wool.
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Patent Blue. Azo Acid Magenta Azo Yellow. Result of Mixture.

60 (g rams) + 30
(
grams) + 20 (g rams) = Light slate grey.

100 M + 300 >> + 300
»»

Cinnamon brown.

500 »> + 220 )» + 60 j)
Dark blue grey.

20
5) + 30 )j + 100 >>

Delicate olive shade.

400
J) + 400

>j + 100 j>
Dull purple.

50 }) + 150 j> + 110
ij

Brown drab tint.

25
J1 + 5

jj + 250 j»
Light yellow green.

75 >> + 15
>i

4- 509 j?
Bright leaf green.

225
J) + 45 u + 1 » Deep olive.

25 n + 150
jj + )»

Heliotrope.

100
>> + 600 )» + n Rich purple.

100
>> + 35 n + 50

»)
Delicate sea green.

100
>> + 100 ?> + 100

»)
Soft grey.

400
J) + 450 >> + 400 » Dark grey sage.

400 )> + 150 i) + 400
»)

Beautiful olive.

30 57 + 23 »> + >»
Delicate dove grey.

40
)> + 15

ij + 500
)S

Rich yellow olive.

In the dyed pattern Plates II., Ill, IV., at the end of the

book, we have a few beautiful soft shades produced from

Victoria yellow, indigo substitute, and azo acid magenta.

Thus :—

Plate. No. Shade.

Dyed with

Indigo
Substitute.

Victoria Yellow. Azo Acid Magenta.

II. 5 Olive 400 grams 100 grams

>) 6 Rich brown 2 kilo, 200 grams 200 „ 200 grams.

III. 7 Soft grey 22 grams 162 „ 62 „

T) 8 Mid grey 50 „ 325 „ 125 „

7 J
9 Dark grey 100 „ 650 „ 250 „

IV. 11 Sage Green 200 „ 250 „ 50 „

>)
10 Yellow brown 200 „ 90 ,, (Orange) 600 grams.

We are now in a position to study intelligently the

various absorption phenomena observed during the mixing of

ordinary colours and dyes ; and, in order to do so system-

atically, we had better consider them briefly in the following

order :

—

1st. Primaries : red, yellow, blue.

2nd. Secondary colours : orange, green, purple or violet.

I
I

flBf

I
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3rd. The large variety of hues termed the tertiaries, or

sad shades.

Peactical Peimaeies. Eed, Yellow, Blue.

§ 54. Reds.

At the present day there is a large variety of red colouring

matters at the command of the dyer and calico printer,

ranging from bluish reds, such as roccelline and azo rubine

to orange reds and scarlets. The pure red of the spectrum

lies in the locality of the Fraunhofer lines, A, B, C (see Fig 7).

Clerk Maxwell selects his sensation of pure red even beyond

the line C towards D. Mercuric iodide is sometimes taken

as a type of normal red, but it, unfortunately, changes its

hue on exposure to light.

Many of the coal tar reds, such as the various brands of

scarlet, 3 E. to 6 E., palatine, brilliant and wool scarlets,

when used in sufficient strength to dye a good saturated

colour, represents a fair monochromatic scarlet red. Cochi-

neal red dyed with cochineal, oxalic acid, and tin crystals,

also gives a good bright scarlet.

Any of the above-mentioned aniline reds dyed at the

proportion of 3 lb. of colour to 100 lb. wool or cashmere

cloth, will produce a splendid red, which, on examination

with the pocket spectroscope (see Chap. III.), will be found to

consist of red rays from the locality of the spectrum, marked

with the lines A, B and C. A bluish class of reds, much

stronger than the scarlets, are the fast reds or roccellines,

of which there is a large variety sold under various different

commercial names, such as rubidin, azo rubine, carmoisin,

claret red, amaranth, etc., etc.

By viewing a solution of an aniline scarlet with the

spectroscope, it is found to transmit almost a pure red, giving

a spectrum similar to that of ruby glass, as seen in the

illustration (Fig. 18).
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§ 55. Scaelets may be described as orange reds, i.e., reds

having no bluish cast. We can never speak of a scarlet of a

bluish hue, as scarlet denotes a predominance of orange or

yellow.

The locality of scarlet on the spectrum is about C\ D, or

midway between the lines C in red and D in yellow.

The word vermilion now denotes a scarlet red, but, in its

old original meaning, it was more of a crimson hue, like a

rose. For example, Spenser speaks of the " Vermeill red like

roses". 1 Vermilion is derived from the Latin vermes, a

worm, and originally designated the kermes insect or cochineal,

from which we derive the words crimson and carmine : so that

vermilion and crimson, though now considered quite different

hues of red, were evidently the very same colour originally.

To the colourist the subject of colour nomenclature forms

a most interesting study.

Formation of Scarlets. An interesting method of pro-

ducing reds and scarlets by admixture is by combining

rhodamine pink and an aniline yellow, such as tartrazine

or naphthol yellow, or the eosines with some of the azo

oranges. Khodamine and yellow, when mixed together

in suitable proportion, give a fine scarlet. This is owing to

the yellow absorbing the violet rays transmitted by the rhoda-

mine pink, which leaves only the red and orange to be freely

transmitted. This gives the sensation of a fine scarlet colour.

This may be readily seen by examining the absorption

spectra of the two dyes (Fig. 31). Thus (A) represents the

absorption band of rhodamine, the shaded portion represent-

ing the locality in the spectrum where the coloured rays are

absorbed. It shows that red, orange, and orange yellow

are transmitted, and also the blue, blue violet, and violet

;

while the yellow, yellow green, and green are absorbed,

1 " Like a rose in vermeil tint."

—

Keats.

-jniiMimMiLfl
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1

i.e., the shaded portion from Ch D to F in the blue
green. Naphthol yellow, (B) on examination with the
spectroscope, is found to absorb all the violet end of the
spectrum. When rhodamine pink and yellow are combined,
therefore, there is complete absorption from the extreme
violet, through blue, green, and yellow, as far as orange;
this leaves only the red and red-orange rays, A, B, C, to

be transmitted, as seen in C, Fig. 31. This explains the
production of reds and scarlets by the mixing of eosine pinks
with orange or yellows. For an example exactly the opposite

in effect, namely, where the red end of the spectrum of

B C D H

RED
IllIllH

1 BLUE VIOLET

RED YELLOW GREEN i
I
BMIHIBI

IIIIII 1

RED Innii III iiiiiui11111 II

(A)

(B)

(0)

Fig. 31.—Showing the formation of a red by the combination of rhodamine
(A) and naphthol yellow (B). The combined spectra (C) show trans-

mission of the extreme red rays only.

rhodamine is absorbed, leaving the violet and blue rays un-

touched, see the formation of a violet in § 66, Fig. 36.

Among sheepskin-rug dyers where a boiling tempera-

ture cannot be employed to fully develop the aniline scarlet

dyes, a very good red, ranging from a bluish tone to that

of a scarlet, is made by combining acid magenta and picric

acid. This dyes at a low temperature suitable for the skin

dyer. The formation of this red is exactly similar to that

already given with rhodamine pink. The acid magenta

being a blue red, reflects not only red but blue, violet blue,

and violet. This may be represented by the simple chro-

matic circle (Fig. 32).

The picric acid being a yellow, transmits red, orange,
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yellow, and green, and absorbs the remainder of the spectrum

(see 2).

Hence, when these two dyes are combined, as at 3 (Fig.

32), all the rays are absorbed except the red.

If the yellow be predominant a scarlet red is produced,

and if the magenta be in excess a bluish tone of red is

obtained.

The same scarlet colour is obtained either from an orange

or a yellow ; it does not matter which is used, as their

only function is to absorb the violet end of the spectrum, the

rhodamine itself absorbing sufficiently far towards the orange

[see (A Fig.) 31].

ACID MAGENTA + PICRIC ACID GOOD RED

Fig. 32.—Showing the formation of a red by the combination of magenta

and picric acid.

The formation of a scarlet in this case is not simply a

mixture of red and yellow making an orange red, but is the

result of the shutting off, or absorption of, the blue and violet

end of the spectrum of rhodamine, leaving the only remain-

ing rays at the red end of the spectrum to be reflected.

For an example of absorption exactly the opposite to this

see the production of a violet by the mixture of green and

rhodamine pink (see under the Violets). In the case of the

scarlet, the red is transmitted and the violet end of spectrum

absorbed ; while in the formation of a violet, the red end of

the spectrum is absorbed and the violet end transmitted.
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§ 56. Bluish Eeds.—Crimson, claret, magenta, cardinal,

amaranth, garnet, etc., etc., denote red colouring matters of a

bluish hue. Some of the aniline dyes of this nature, such
as magenta (a salt of rosaniline) and rhodamine possess

a purity and luminosity which far exceeds any bluish red

obtained by admixture.

The term purple is generally applied to a very red blue

or a red violet, which can be made by mixing Perkin's

mauve with magenta. Purple, however, belongs more to

the violet class of hues, and will be considered under the

Violets, § 64.

The number of tones of red which can be made by the

dyer and colour mixer is infinite, as they range from scarlets

or yellow reds to blue reds or crimsons and purples ; and
their dull shades range from claret to maroon and puce.

§ 57. Pinks.—The beautiful class of rose colours known
as pinks are diluted crimsons, or bluish reds. The most
brilliant pinks are those derived from the aniline colours, the

eosines, of which there is a large variety, and known under

the names, rosebengal erythrosine, phloxine, rhodamine rosa-

zeine, methyl eosine, etc. Before the introduction of these

coal tar pinks there was no other dye to compare with them
for brightness and purity of hue. Indeed, when they are

unmixed they are so brilliant that they must be used very

sparingly in textile colouring. Silk and cashmere, when
dyed with 1 to 2 per cent, of rhodamine B., is perfectly

dazzling in its brightness of hue. When examining such

colours the eye readily becomes fatigued, so that the colourist

is unable to make an accurate judgment of the hues. To
enable him to examine such bright colours with comfort he

must resort to the use of glasses slightly tinted with green

or blue, when they assume the appearance of soft violets and
purples, which can be carefully compared and examined with

leisure. The absorption spectrum of these pinks, as seen
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in Fig. 22 (No. 1) and Fig. 24, is very sharp and decided.

Where the absorption band of a colour is narrow and

intense, the result is a pure and luminous colour. When

mixed with other colours, greater absorption is produced,

which tends, more or less, to make the resultant colour

dull or less luminous.

When a yellowish green, such as wool green or acid

green, is combined with rhodamine pink, a black or grey is

produced, due to the total absorption of all the coloured

rays.

A beautiful series of delicate tints of mauve, heliotrope

and violet are obtained by the admixture of eosine pinks

and some of the bluish aniline greens, like wool green,

malachite, Victoria or brilliant greens. The manner in

which these are formed is the same as the violets (q.v.).

§ 58. Tints of Bed.—When reds are reduced either

with water, as in the dye-bath, or with paste, as in calico

printing, to form a series of tints, it is found that some go

off bluish, while others reduce to a yellowish or buffy cast,

and therefore require the addition of another colour to keep

them on the right scale. Thus, if a series of reds gradating

into pinks are to be made from some of the aniline reds, it

is often necessary, in the third or fourth reduced tint, to add

a small quantity of a bluish pink to keep the series in

harmony, if the red has a tendency to go yellowish. Many

similar slight changes in hue are observed when reducing

colouring matters to form a class of tints. This arises

from the slight dichroic properties, or what is termed

selective absorption, naturally present in nearly all dyes.

For the cause of this dichroism see § 39, Chapter IV.

Tints of a bluish red are termed pinks, while those of an

orange red or a scarlet are termed salmon, buff and flesh

colours. Shades of red, i.e., red mixed with black, form

the class of colours termed claret, maroon, puce, etc.
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Yellow.

It is a matter of some difficulty to locate exactly on the

spectrum where the perfect representations of the various

standard colours are to be found.

The locality assigned to yellow is generally a little beyond

the Sodium line D, more towards the green-yellow portion

of the spectrum. The D line is in the midst of the orange

yellow (see Fig. 7).

Yellow is one of the important colours to the colourist
;

not simply because of its great brilliancy or luminosity, but

because of its somewhat unique position in regard to the

true theory of colour. As we have already stated, all dyers

and colourists must accept the red, yellow and blue theory of

primary colours (Brewster theory) as the only applicable

standard where ordinary dye colour stuffs are employed.

We cannot produce a yellow by admixture of other colours,

hence we call it a primary; but with the physicist, who
employs the Young-Helmholtz theory, yellow is considered a

secondary colour, as it can be produced by the combination

of red and green lights (see Plate III., No. 1).

Yellows are found to range from those of a greenish cast

to an orange yellow ; but those belonging to the former class,

i.e., greenish or lemon-toned yellows, are considered the finest.

Among the beautiful yellows of this description may be men-
tioned auramine, picric acid, quinoline or chinoline, naphthol

and tartrazine yellows. The beautiful, clear, greenish cast of

the two latter dyes becomes evident when they are diluted. In

their strong tones they are pure golden yellows.

Two yellows in their deep tones may match each other

perfectly ; but when diluted to form light tints of yellow,

may give altogether different results : one tint may be of a

greenish hue, while the other may have a reddish or buffy cast.

This is owing, as we have already learned, to the property of
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selective absorption, or dichroism (see § 39) present in all

dyes.

Yellows of a greenish tone make the purest and most

brilliant greens by admixture with greenish blues. A bright

green of superb quality may be dyed on silk or wool with

three parts quinoline and two parts Victoria, malachite or

brilliant greens. Such a green keeps its vivid beauty even in

artificial light.

Yellows of this greenish cast lose much of their beauty in

a yellow light, and become pale and ineffective. If they are

of a light tint, they cannot be distinguished from white.

Yellows, to look well in gas or lamplight, must belong to

the orange or buttercup class of hue.

When yellow is mixed with a suitable proportion of pure

grey, a soft, olive-green shade is produced, which, to the in-

experienced colourist, appears as if it had been mixed with a

quantity of green or blue.

Beautiful shades of olive and citrine are produced in tbis

manner, which shows that they are simply dulled yellows,

i.e., yellows having a quantity of grey in their composition,

as already observed when studying the formulae of these ter-

tiary shades in § 45.

Olives dyed in this simple way match those dyed with a

mixture of orange, yellow and green or blue.

Several brands of aniline yellows have a reddish cast, or

what might be termed buffy yellows, like azo rlavine S.,

E., 2 E., etc., orange N., metanil, fast and brilliant yellows,

etc. Such tones of yellow are suitable for making dull sage

greens or citrines by admixture ; but they are too red to give

clear, brilliant greens. This may be seen in Plate V., Eos.

1 and 2, and also in the dyed shade, 'No. 5, on pattern

sheet 2 at the end of the book, where Victoria yellow and

indigo substitute are combined.

The spectroscopic examination of a yellow—no matter
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how pure it may appear to the eye—affords a very good
example, showing the compound nature of all our ordinary
colours, like paints and dyes. Only the yellow of the spectrum
consists of pure or homogeneous yellow light. A solution of

naphthol yellow in water, or a piece of silk dyed with this dye,

presents to the eye the impression of a pure yellow. But if

we examine the yellow with the spectroscope, as described
in Chap. III. (§ 24), we find that it contains not only yellow,
but red, orange, green and bluish green, while the blue and
violet rays are totally absorbed.

But the red and green and the orange and green blue are
in such proportions that they combine to form white liaht

within the eye
; so that the yellow we perceive is composed

of the yellow part of the spectrum mixed with a proportion
of recombined white light.

We have already learned that the true interpretation of

the green colour produced by mixing yellow and blue to-

gether is that the blue absorbs the red and yellow reflected

by the yellow
; while the yellow absorbs the blue and violet

reflected by the blue, leaving only the green rays unabsorbecl

to produce the result.

Yellow, when mixed with black or grey, produces shades

of olive or citrine. Beautiful shades of olive can be dyed by
simply employing two colours, i.e., an aniline grey and a

yellow, such as naphthol yellow. This is an instructive

dyeing experiment, as the shades produced appear to be
much greener than what is usually expected from the com-
bination of a grey and a yellow.

§ 60. Blue.

As blues vary greatly in tone, from greenish blues to

reddish blues, it is somewhat difficult to assign accurately

the exact position on the spectrum of a typical blue.

A beautiful greenish blue, which is termed cyan blue, is-
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found about the fixed line F on the spectrum ; while a pure

azure blue lies between the lines F and G (i.e., FJ, G)

(see Fig. 7). At the line G the blue is of a strong violet

hue.

Blue is a primary colour of the Young-Helmholtz theory

as well as the practical (Brewster) theory. Genuine ultra-

marine made from lapis-lazuli is generally taken as the

standard of a pure normal blue, and in some of the finer

aniline blues, such as Victoria blue, night blue and the alkali

blues, 6 B, may be found a fair representative of the beautiful

spectrum blue.

The various brands of blue now at the command of the

dyer and colourist, are almost unlimited since the introduc-

tion of the coal tar colours ; but, before the aniline blues were
known, the dyer depended solely on a few natural blue dyes

such as indigo, woad and Prussian blue.

There are several beautiful greenish blues, derivations of

aniline, which are much used for dyeing bright greens, pea-

cock blues, etc. Owing to their free transmission of the pure

green rays and the absorption of the red and orange in their

spectra, they produce, by admixture with yellow, very lumin-

ous greens. Turquoise, methyl blue, cyanine patent blue,

N., and others may be given as examples of pure greenish

blues. Such look well in artificial light, as they keep their

clear blue appearance, and do not become dull and flat like

the azure blues.

In commerce the various brands of blues are designated

by letters, such as B., 2 B., etc., up to 6 B., which is the finest

and purest tone of blue made, while the reddish blues are

characterised by the letters B., 2 B., etc., according to their

degree of redness of tone.

In reference to the aniline blues and other colours it may
be remarked that those which are sometimes termed the
'1st Kettle" are the best and purest products, while those

7
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of the 2nd or 3rd Kettle are not so pure, containing as they

do more or less of the dissolved impurities.

Indigo blue is often mentioned as one of the seven funda-

mental colours of the spectrum lying between the green and

blue about the line F, but this colour term is now falling into

disuse, as no colour, corresponding to indigo, is present in the

solar spectrum. It is more correctly termed cyan blue in-

stead of indigo.

Many blues of a greenish cast, such as glacier blue,

helvetia, patent blue, cyanine, and cyanol are very useful

dyes to the calico printer and dyer, not only on account of

their dyeing level shades, but because they mix readily with

other colours to produce useful compound shades. They are

much used for giving fine tones of olive, old gold, citrine;

russet, etc., with red and orange.

Such blues as we have already seen (Plate V., Nos. 1

and 2) are the best for producing clear and brilliant tones

of green by admixture with yellow. This is owing to their

absence of a red or violet cast.

If a blue shows a strong tendency to transmit the red

rays of the spectrum it is possible to combine it with a

yellow and produce, not a green, but a dull red or claret colour.

Take a solution of litmus, for example, which is a blue

colour, transmitting the red rays more readily than the green

and blue. By viewing a moderately deep blue solution of

litmus through a yellow-tinted glass or film, we do not get

a green as might be expected, but a purply red colour.

§ 61. A fairly good blue can be made by combining green

and violet together ; such compound blues are sometimes

known as "indigo substitutes " (see also § 33). The forma-

tion of this compound blue can readily be understood by

resorting again to the simple chromatic circle method of

examination.

Take, for example, the two dyestuffs malachite green
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and methyl violet, which when combined in suitable pro-

portion give a very good blue, (see the dyed pattern No. 4 at

end of the book).

Fig. 33, No. 1, represents the chromatic analysis of the

colour given by malachite green, and shows the absorption

of the red, orange, and violet rays, with transmission of

yellow, yellow green, green, blue, and cyan blue.

No. 2 shows the absorption of methyl violet, i.e., the

orange, yellow, and yellow-green rays, while the red, and

from the green to the violet, are all freely transmitted.

When those two dyestuffs are combined as shown in

No. 3 the only coloured rays which are not absorbed are the

1 2 3

/\v R/|
/CY-B\Jlill
I B /N'l •
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MALACHITE GREEN + METHYL VIOLET = COMPOSITE BLUE
Fig. 33.—Simple chromatic circles showing the formation of a blue by the

combination of malachite green and methyl violet.

cyan blue, blue and green. These combine on the retina of

the eye to give the sensation of the blue ; hence the origin

of the blue colour by the mixture of green and violet. This

may also be represented by the absorption curve, as in Fig.

34, instead of the chromatic circle. If we examine such a

composite blue 'with the spectroscope, we shall find the

brightest part of the spectrum i.e., orange red, orange,

yellow, and yellow green, is more or less absorbed, while the

green and blue of the spectrum is freely transmitted.

The benzaldehyde greens, like Victoria and malachite,

transmit a certain amount of red which gives to the com-

pound blue a violet cast, but if a purer green be employed,

I

I
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showing total absorption in the red, a much purer blue will

be obtained by admixture.

(A) represents the absorption spectrum of malachite

green, showing strong absorption in the orange red at C.

(B) is spectrum of methyl violet, showing strongest absorp-

tion in the yellow at D. (C) gives the absorption curve of

a composite blue (A and B mixed), showing the transmission

only of a green and blue, with a little extreme red (see the

dyed specimen No. 4 at the end of the book).

Blues change greatly in appearance in an artificial light,

especially if they belong to the deep azure or violet cast.

Pure greenish blues look well in gaslight ; but those havingABCDEF G H

YELLOW GREEN

GREEN

GREEN

BLUE

BLUE

BLUE

VIOLET

Pig. 34.—Absorption spectra of (A) malachite green, (B) methyl violet, (C)

composite blue produced by combination of (A) and (B).

the slightest tendency towards a violet hue appear much
redder and duller. Deep navy blues appear almost blacks in

ordinary gaslight, from the deficiency of blue rays in that

illuminant. For the aspect and behaviour of the various

colours under artificial lights, the reader may consult our

companion volume on Colour Matching on Textiles.

When red and blue are combined, violet is produced, as

we have already seen in No. 6 of Plate V. ; and also in the

frontispiece. A scarlet red does not produce a good violet

;

the red must tend to the bluish or crimson hue. Blues,

when mixed with proportions of grey or black, produce

various shades of bluish greys or slates, and, when reduced

with white, give delicate tints of pale blue.
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SECONDARY COLOURS— ORANGE — GREEN— VIOLET— NOMEN-
CLATURE OF VIOLET AND PURPLE GROUP—VIOLET FROM
RHODAMINE PINK AND WOOL GREEN—PURPLE—TINTS
AND SHADES OF VIOLET—CHANGES IN ARTIFICIAL LIGHT-

§ 62. Orange.

Orange, being composed of red and yellow, constitutes

one of the secondary colours of the Brewster theory. On the

spectrum it occupies a place between these two colours, and

is somewhat difficult to locate with certainty, as the orange

merges into the red on the one hand, and the yellow on the

other. The position assigned to normal orange is very

slightly beyond the line D, towards the C line (see Fig. 7).

A good standard of a full orange colour is seen in the skin

of a ripe orange.

For long the dyer and calico printer made their orange

colours by the proper mixture of red and yellow, but this is

unnecessary now, as the beautiful series of aniline azo

oranges, purer than those obtained by admixture, are at his

disposal. In making a good orange by admixture, it has

already been pointed out (Nob. 3 and 4, Plate V.) that the

red should tend to be more of a scarlet than a crimson red,

and the yellow should not have a greenish cast : otherwise, a

poor quality of orange is obtained by their combination.

Many beautiful direct dyeing colours, basic, acid, and azo-

orange dyes are employed along with the aniline reds, blues

and greens to produce in dyeing a wide variety of useful

compound shades of russet, olive, sage, old gold, citrine, etc.
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A few of these compound shades are considered under the

tertiary colours.

It is an interesting experiment to observe with the

pocket spectroscope the formation of an orange by the

addition of a little red to a yellow. A solution of naphthol

yellow or picric acid gives a beautiful bright yellow, which,

on examination with the spectroscope, is seen to consist of

red, orange, yellow, yellow green and green rays. If a few
drops of a red solution—say 2 R. scarlet or roccelline—be

Red Yellow
ABO D

Fig. 35.—Showing the gradual increase in absorption of the spectrum by
adding red to yellow to produce orange. (A) represents absorption
spectrum of any of the aniline yellow dyes. (B) with slight addition
of red. (C) a full orange colour by admixture of yellow and red.

(D) represents the absorption of the spectrum where excess of red has
been added to the yellow, producing a scarlet, the red and orange
rays being alone transmitted.

added to the yellow, it will be observed that the absorption

band has greatly increased ; the green rays have been ab-

sorbed, and the band extends from the violet to the yellow

green. If a few drops more of the red solution be added, on

viewing again with the spectroscope, the yellow green will

now be found absorbed ; each little addition of red gradually

increasing the absorption of green and yellow green, until

only red, orange and yellow are transmitted, which go to

produce an orange. If the addition of red be continued, the

yellow will also be absorbed until the solution transmits only
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red and orange rays, which give the sensation of a scarlet

red.

The formation of an orange, as we have described by the

gradual addition of a red to a yellow, may be illustrated by

the foregoing diagram, Fig. 35, each curve representing the

addition of a little red, and showing the gradual increase of

the absorption band. Spectrum (A) represents the absorption

of naphthol yellow, (B) shows increased absorption on addition

of a little red, (C) shows the absorption curve of a full orange

colour by admixture of red and yellow, transmitting red,

orange and yellow ; while curve (D) shows an excess of red

added to produce a scarlet colour, transmitting only the red

and orange rays from A to C.

Orange, when reduced into tints, gives a soft series of

salmon, amber and cream colours, generally termed buffs ;

while, with black or grey, it produces terra cottas, browns

and russet shades (see dyed patterns Nos. 6 and 10 at end of

book).

§ 63. Green '

The position of pure green on the spectrum is at the two

E lines, and extending for a short space on either side of

them (see Fig. 7). Thus, if the spectrum from A line m

extreme red to H in extreme violet be divided into 1,000

parts, the two lines at E will be found to occupy a position

numbering from 638 to 664. According to Prof. Rood, a

full green begins at 595 and ends about 682, where the

blue green begins ; so that the position of a good green may

be said to he at the E lines (see Fig 7, p. 20). In the Young-

Helmholtz theory of colour sensation green takes the position

of a primary colour ; but in the practical theory employed

by the dyer and colour mixer it occupies the position of a

secondary colour, being formed by the union of yellow and

blue. .

If blue and yellow lights be combined, white light is

1
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produced, and, as we have already learned (§ 59), yellow in
the true scientific sense is not a primary colour, as it is

formed by combining red and green lights.

A very good example of a pure green may be found in
emerald green with a trace of lemon yellow, and in dyeing
a pure bright green is obtained with some of the aniline
greenish blues and naphthol yellow. Three parts quinoline
yellow and two parts Victoria or acid green dye a beautifully
bright tone of emerald green. For a full deep acid green see
dyed pattern No. 2 at end of book.

Before the introduction of coal tar colours it was difficult
for the textile colourist to produce a brilliant green, for,
strange to say, though green is such a universal colour in
nature, we have no natural green dyes. The green colouring
matter of leaves and plants, i.e., chlorophyll, though it gives
a beautiful green colour in alcoholic solution, cannot be
employed as a dyestuff. Since the introduction of the
aniline greens, yellows and blues, the dyer has a wide
variety of colours at his disposal, ranging from yellow
greens on the one hand to blue greens, turquoise, cyanine
and peacock blues on the other. In commerce the various
brands are sometimes designated by a J or a G, i.e. (Fr.),
Jeune = yellow shade, as sulpho-green, J; acid green, JJ ; or
(Ger.), Gelb = yellow, as wool green, G, etc.

The production of a green by the combination of a
blue and yellow affords a very interesting and instructive
example of a selective absorption, which always arises when
two different colours are combined. The true interpretation
of this formation of green by mixing blue and yellow we have
already fully considered m Chapter IV., § 29. By combining
the various aniline greens with orange G., Bismarck brown,
fustine or similar red-brown colours, pleasing shades of russet,
bronze, olive, citrine, etc., are produced.

Greens, when reduced to form tints, give pale tones of
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sea green, pea green, etc. ; while, with the addition of grey

or black, various shades of moss green, sage and myrtle are

produced.

§ 64. Violet.

The violet-coloured rays, being the most refrangible of all

the visible rays of the spectrum, are found at the extreme

end of the spectrum, and furthest away from red. If the

spectrum be divided into 1,000 parts, starting from extreme

red, 0, to extreme violet, 1,000, as shown in Fig. 7, we find

that the colour generally termed violet commences very near

800 and extends to 1,000, which is the fixed dark line H.

Violet is a secondary colour in the Brewster, or practical

colour theory, as it is compounded of red and blue ; but in

the true theory of Young and Helmholtz it is regarded more

as a primary colour. The sensation of violet, though really a

primary and homogeneous colour in the spectrum, is produced

by the red and the blue colour nerves being excited, so that

the sensation is itself a compound one.

Before the introduction of the beautiful aniline violets,

such as the Hofmann and methyl violets, it was impossible

to produce by admixture anything like a good pure violet.

There were no permanent colours or pigments to represent

a good full violet : the nearest approach that could be

made was by mixing together ultramarine blue with a

little madder pink. The violet of the spectrum, though

neither luminous nor brilliant—its luminosity being only

13, compared with red = 1,000, or orange yellow = 7,000

—

(see p. 70) possesses, nevertheless, the greatest amount

•of chemical activity or actinic power. The chemical power

•decreases as the colours approach the red end of the spectrum,

where there is an absence of actinic rays. It has been shown

also that this same mysterious chemical action present in

the violet rays is the cause of the fading or bleaching of
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dyed colours on exposure to light. The nearest representa-

tion of a full saturated tone of violet representing that of

the spectrum is found in some of the pure bluish aniline

violets, such as the methyl or Paris violets, or Hofmann's
violets, which are the ethyl and methyl derivatives of

rosaniline. Formyl violet, 4 B, also gives a good repre-

sentation of a violet colour.

§ 65. Between a blue violet on the one hand and a red

violet or a purple on the other, are a great number of inter-

mediate tones all merging into each other, and it is often

difficult to decide when a hue of violet may be called a

purple, or a mauve, or a dahlia, as they all merge so closely

into each other.

No less than some twenty different hues of violet, or

purples, lying between red and blue have been named by

Mr. K. Bidgway, an American colourist. He describes them

as follows :

—

1. Prune.

2. Dahlia.

3. Auricula.

4. Plum.

5. Pansy.

6. Indian purple.

7. Royal purple.

8. Aster.

9. Maroon.

10. Violet.

11. Phlox.

12. Pomegranate.

13. Mauve.

14. Magenta.

15. Wine purple.

16. Lavender.

17. Solferino.

18. Heliotrope.

19. Lilac.

20. Rose.

Even with skilled dyers and colourists there is a wide

difference of opinion regarding the true tone of a violet ; but,

in fact, the same might also be said of a blue, a green, and a

red. The ideal standard of one colourist is often not that of

another.

If we wish to produce a violet by admixture of blue and

red, it must be remembered that the blue must tend towards

a violet cast, and the red towards a bluish red or crimson.

Vermilion and cobalt blue, for example, or scarlet 2 B. and

cyanine blue, when combined, produce very poor, dull

violets, owing to the orange being present in the reds, and

green in the blues.
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This we have already pointed out in Plate V., Nos. 5

and 6, § 52. If, however, we take a blue inclined to violet,

such as ultramarine or the azure blues, and combine them

with a bluish red like madder lake or acid magenta, then a

purer and richer violet is the result.

§ 66. An interesting example of a violet produced by ad-

mixture is that obtained by combining magenta, or rhodamine

pink with wool green, or any other aniline greenish blue,

which absorbs the red and orange rays.

The formation of this violet is interesting from the colour-

ist's and spectroscopist's point of view, as it illustrates clearly

Red Yellow Green

A B C D E F

Blue

G
Violet

H

Fig. 36.—This represents the absorption spectra of (A) wool green and (B)

rhodamine pink, which, when combined, produce a violet showing the

absorption spectrum of (C).

the phenomenon of colour absorption ; and also the fact that

the colour of a mixture always consists of those rays which

are transmitted freely by the component colours.

Thus (A) of Fig. 36 represents the absorption curve of

a greenish blue, termed wool green S., showing its absorption

of the cherry red at line C, and extending through orange

towards yellow at line D, where absorption gradually de-

creases towards the E lines in green. The colour of wool

green, therefore, consists of the extreme red rays and the

green, blue and violet.

The beautiful pink dyestuff rhodamine or rosazeine in

(B) shows absorption in the brightest part of the spectrum,
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i.e., yellow, yellow green and green, while red, orange, blue

and violet are freely transmitted. When these two dyestuffs

are combined, as at (C), it will be observed that only the ex-

treme red, the blue and violet are transmitted, all the other

coloured rays being absorbed in the combination. Thus the

absorption spectrum (C) represents that of a violet com-
pounded of wool green and rhodamine pink. If a green dye
be used that absorbs all the red rays, a still purer violet will

be obtained. The object of the green colouring matter is

simply to absorb the red end of the spectrum of the rhoda-

mine, which leaves only the violet end to be transmitted.

In this case the effect produced is exactly the opposite of

that mentioned in Chap. VI., § 55, where orange is added to

rhodamine to form a scarlet, by absorbing the violet end of

the rhodamine spectrum (see Fig. 31).

But no matter how violets are produced by the admixture
of two colours, they can never be obtained so pure and
saturated as the homogeneous or self colours, derived from
aniline. Violets are generally designated as blue violets or

red violets by attaching the letters B. or K. to their names.
Thus methyl violet B. is a bluish violet ; 2 B. a bluer violet

;

4 B. a still bluer hue of violet ; while fast acid violet 10 B.
is indeed a blue with a tinge of violet.

In the same way B. represents the tendency towards red
;

B. violet being a slightly reddish tone ; while a 3 or 4 B. violet

is a purple, in which the red predominates.

§ 67. Between a violet, where blue predominates, and a

purple in which the red predominates, is an intermediate

hue, termed mauve, being somewhat redder than violet, but
bluer than purple. The term purple is itself often used instead

of violet, but this is confusing, as the true purple is much
redder than violet ; it can be fairly represented by combining

magenta and mauve. The imperial, or Tyrian, purple of the

ancients, which was derived from the shell-fish murex, or
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purpura (hence our word purple), was considerably redder

in hue than our present-day notion of purple.

As much confusion often arises in naming the various

hues in this group of colours, we give here the usual colour

terms intermediate between blue and red.

Azure blue.

Purplish ultramarine.

Violet.

Mauve.

Dahlia.

Purple.

Wine purple.

Crimson.

Magenta.

Red.

§ 68. Tints of violet are known as lavender hues, which

are really very light violets of a bluish cast. The tints of

reddish violets are termed lilacs, heliotropes or peach blossom.

Violet, when mixed with grey or black, gives shades of plum

and slate.

§ 69. Colours belonging to the violet class alter greatly

in appearance in artificial light. As the ordinary illuminants,

such as coal gas, oil lamp, or candle lights, are very poor in

blue and violet rays, all violet colours, when viewed in such

lights, appear much redder, from the fact that a large pro-

portion of their blue and violet light is quenched, leaving the

red in predominance. Hence deep tones of violet appear

almost blacks in gaslight, and the lighter tints become

changed to pinks and magenta hues.
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CHAPTEK VIII.

TERTIARY SHADES.

BROKEN HUES—MAROONS—BROWNS—CITRINES AND OLIVES-
ABSORPTION SPECTRA OF TERTIARY SHADES — DYED
PATTERNS.

§ 70. We come now to consider the large class of shades

which contain grey or black in their composition. They may
he considered as simply the primary and secondary colours

dulled, or what is termed "saddened," with a proportion of

grey. We have already explained (Chap. V., § 45) the true

constitution of these so-called tertiaries, and shown them to

be dulled tones of red, orange, yellow, green blue, and violet.

The principal "broken hues," as they are sometimes termed,

may be classed as follows :

—

When Mixed with Black—
(1) Red

(2) Orange

(3) Orange yellow

(4) Yellow

(5) Yellowish green

(6) Green

(7) Bluish green

(8) Blue

(9) Violet

(10) Purple

becomes = Maroon.

„ = Russet.

,,
= Brown.

,,
= Citrine.

,,
= Olive.

= Sage.

,,
= Blue Sage or Myrtle.

,,
= Slate.

,,
= Lavender.

,,
= Plum.

These broken hues, with their corresponding complement-

aries or harmonising shades, are given in Fig. 30.

It would be a tedious, as well as a profitless, task to enter

minutely into the description of the various methods of pro-

ducing the many tertiary shades, but we shall choose for our

study a few simple and characteristic examples, which will
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show sufficiently the nature of all the shades belonging to

this large group.

§ 71. In mixing colours to produce soft tertiary shades

it is better not to employ clear and decided primary colours,

as the slightest excess of any one produces a great alter-

ation in the mixed shade, which causes the colour to be

easily put off its desired hue. In practice it is better to

employ dull, sad colours when mixing to form delicate

compound shades. A slight excess of one or other of the

colour ingredients does not then produce such a marked

result as when the colours used are bright. Shades, mixed

in this way, are easier matched and kept on the proper

standard. For example, it is better to employ say Victoria

yellow, azo carmine, or azo acid magenta and indigo sub-

stitute than the pure and brilliant primaries red, yellow and

blue.

There are now at the command of the dyer and textile

colourist a great many dyestuffs having beautiful soft shades,

which are useful for colour mixing and producing all kinds

of shades by admixture, instead of destroying the luminosity

and purity of the more expensive primary dyes by combining

them together.

In colour mixing and dyeing it is desirable to have as

few colour constituents as possible to produce the desired

result, as a variety of colouring matters in a certain shade

only produces complexity when the shade requires to be

matched or altered to a desired standard. No more than

three or four colours are necessary to give any shade that

is wanted.

All the various tertiary shades merge imperceptibly from

the one hue into the other, and hence give rise to innumer-

able combinations of hue, tint and shade, which are often

as difficult to match accurately, as they are to describe or

to name.

iH

^i
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We shall now proceed to consider briefly the nature of

a few of the tertiary shades.

§ 72. Maroons.—Pleasing shades of red ranging from a
claret and darkening down to a maroon, a puce or red black

are obtained by combining red with varying proportions of

black or with its complementary green. If the reds have an
orange tone, i.e., scarlets, various shades of chocolate and red

browns are obtained.

A fine series of darkened reds can be made from fast red

or roccelline, or any of the other aniline reds and Victoria or

malachite green. Every addition of green to the red prc-

Red Yellow

ABC D

Fig. 37.—Diagram showing how fast red (A) and an aniline green, (B) such as
malachite, when combined, produce a claret or maroon, namely, a red
of low luminosity, all the other rays being absorbed. The shaded parts
represent absorption of light.

duces the same effect as an addition of black. When the red

and the green are sufficiently strong there is a complete
absorption of all rays, and a black is the result. For an
illustration of this see Fig. 15.

To show that a claret, or such shades as are termed
cerise, grenadine, garnet, etc., deepening down to a maroon,
produced by combining red with green, are simply darkened
reds, we may examine the combined spectra of the two
colours. In Fig. 37, for example (A) represents the absorp-

tion spectra of fast red or roccelline, and (B) that of an
aniline bluish green, such as malachite or other benzaldehyde
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greens. When these two colours are dyed together or mixed

in calico printing, the result represented in spectrum (C) is

produced. All the colours of the spectrum are absorbed or

quenched, with the exception of the extreme red, producing a

red of very low luminosity, and darkened in a manner similar

to that produced by adding some black. The shaded portions

on the diagram represent, as in all the others, the absorp-

tion of colour at those parts of the spectrum.

By making a habit of analysing the formation of shades

in this graphic manner, the student may clearly understand

the optical structure of all mixed colours.

In a maroon, plum, or claret colour, the red is in excess
;

but if, while mixing the red and green together, the latter be

used in excess, then dull shades of green greys or sages,

deepening to greenish blacks, are produced.

The terms plum, maroon and puce, are generally under-

stood to represent respectively a purply black, a crimson

black, and a brownish maroon. The term puce is literally

" flea colour," from Fr. puce, a flea.

§ 73. Broivns.—If browns be examined with the spectro-

scope, that they will be found to consist simply of scarlet, or

orange rays much diminished in luminosity. They are, in

reality, degraded or broken hues of red or orange.

As already shown in Chap. V., § 45, the formula of

russet, when analysed, shows it to be a red grey. In our

coloured frontispiece we see that orange and violet, when
combined, produce russet or red brown.

Orange, as we know, is composed of red + yellow.

Violet „ ,, red + blue.

So that the symbol for russet would be—using their initial

letters—E.
2
Y

x
B^ When we bear in mind that red + yellow

+ blue produces grey or black, we find that russet = red + grey.

As the red approaches more to a scarlet or orange, the shade
8
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produced on its mixture with grey becomes more of a

yellow brown, until it merges into a yellow grey or citrine.

See the rich shade of brown, No. 6, of yellow brown, No. 10,

and of citrine or olive, No. 5, in the dyed pattern plates at

the end of the book.

The great variety of such shades often perplexes the dyer

and the colourist in their matching operations.

Beautiful shades of walnut and sealskin browns, ranging

to brownish olives, can be made from a combination of

sorbine red, orange and wool green.

For example, a fine rich brown is dyed with the pro-

portion of

2 parts orange.

1 part sorbine red.

J ,, wool green.

By varying the proportions of these ingredients three different

classes of shades are produced, i.e., those having

A predominance of red giving plum tones ; or

,, orange ,, brown tones ; or

„ wool green ,, olive tones.

Thus a fine yellow olive is made by using

5 parts orange.

J part red.

1 ,, wool green.

and a green olive is made from

4 parts orange.

1 part wool green.

By employing fast yellow instead of orange a beautiful

series of neutral greys are obtained. If in such combinations

red or orange predominate, a brown is the result ; if yellow

be in excess, a citrine or olive is produced ; and if blue pre-

dominates, a slate or myrtle green.

Thus in the dyed patterns at the end it is seen that from

Victoria yellow, indigo substitute, and azo acid magenta can

be produced shades ranging from citrines and browns to
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sages and pure greys. No. 5 is an olive. If the red or

magenta be in excess a brown is produced as at No. 6, and
if orange be in excess a shade of old gold is the result as at

No. 10. If green be predominant then a sage is produced

as shown in pattern 11. If these three aforementioned

dyestuffs be combined in suitable proportions, a beautiful

series of pure greys, ranging from a light to a dark grey, can

be obtained. These are seen in patterns Nos. 7, 8 and 9.

Kich shades of russet are made by combining methyl

violet 3 B. and orange. This is an interesting example of

colour absorption, as it shows clearly our case in point, i.e.,ABCDEF G H

Fig. 38.—Showing the production of a russet shade at (C) by the combination
of orange 2, (A), spectrum and methyl violet, (B), (A) and (B), when
combined, produce blackness from violet to orange yellow CJ D : thus
giving a broken hue of orange red, i.e., russet.

\

I I

that russet or brown is simply a dull or shaded orange red.

This may be illustrated in a simple manner by using the

absorption curves of these two colours and combining them
together, as at (C), Fig. 38, when an orange red with all the

other rays of the spectrum absorbed is formed. This gives

an orange red much degraded with black, or, in other words,

a russet or brown shade.

In Fig. 38 (A) represents the absorption spectrum of

orange 2, which shows the absorption of all coloured rays

from violet at H to the yellow green at D| E. The red,

orange and yellow, being freely transmitted, produce its

orange colour.
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(B) gives the absorption of methyl violet, showing it to be

in the locality of orange yellow, yellow at D, and extending

as far as the E lines in green. The green blue, blue and

violet are freely transmitted, along with the red and orange

rays from A to C| D.

When these two dyes are combined the result obtained

is shown at (C), where all the rays are absorbed from H in

violet to C| D in orange yellow, producing a large amount

of grey, combined with red and orange. This constitutes

the shade of russet produced by combining methyl violet

and orange (see also Fig. 39).

Fine shades of russet can be dyed direct from the homo-

geneous brown dyes, such as vesuvine or Bismarck brown,

fast brown, naphthylamine brown, etc.

Eussets, when reduced into light tints, give various shades

of brown drab, buff, fawn, light amber, and the innumerable

class of shades termed warm mode hues.

§ 74. Citrines and Olives.—As already shown in § 45, the

class of shades known as olives and citrines are composed

of green and orange (see Plate I.), and are simply yellows

and yellow greens saddened with varying proportions of grey

(see Plate IV.). Beautiful shades of olive may be obtained

by combining naphthol yellow, wool green and orange
;
or

indeed any of the three dyestuffs employed to make the

other tertiary shades, only the yellow must be the predominating

hue (see Fig. 40). When a pure yellow is saddened down

with a neutral grey there is produced a shade of olive which

is much greener in hue than what we would generally

expect. Indeed it is often difficult to imagine such a shade

produced without the addition of a little green. For example,

if naphthol yellow be dyed along with a pure neutral tint

of grey, such as direct grey, a shade of olive is obtained

having a decidedly green hue, similar to that dyed with
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yellow orange and a green or blue. To those who have

not observed this, it is well worth performing the experi-

ment. We have already learned that a reddish yellow com-

bined with a reddish blue produces an olive or citrine shade

(see dyed pattern No. 5 at end, also coloured Plate V.).

§ 75. Absorption Spectra of Tertiary Shades.—The following

Figs. (39, 40, 41) might be taken to represent three typical

absorption spectra of tertiary shades, showing the predomi-

nating effect of one of the constituents :-

B C D G H

Fig. 39.—Showing the construction of the absorption spectrum of a shade

of russet composed of orange G. and victoria blue. Shaded part,

Spectrum 2, represents absorption of light.

Fig. 39 (No. 1) is the absorption spectrum of a brown

obtained by combining an orange and a blue together.

The line marked A, A, A, is the absorption curve of an

aniline blue resembling Victoria blue, and showing absorption

in the red, orange, and greatest in the yellow and yellow

green, D and D\ E.

The other line, B, B, B, represents the absorption curve

of orange G, showing total absorption of the violet, blue

and green from fixed lines H to E in green. Absorption

gradually decreases towards the D line in yellow.

i
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The line drawn along the spectrum marked A, B, repre-

sents the line of total absorption of coloured rays ; and
where the curves reach up to this line there is total absorp-

tion, or blackness in the spectrum.

The spectrum No. 2 is the same as No. 1 above it, but

shows the shaded portion of the spectrum where absorption

takes place. This shows the shade of russet composed of

orange G and aniline blue to be simply red, orange and

yellow reflected in small quantity, and mixed with a large

proportion of grey, due to the absorption of the coloured

rays ;—or, in other words, a broken hue of orange red. ItABODE F G H

Pig. 40.—Representation of absorption spectrum of an olive made with orange
and wool green, the wool green being in excess. The absorption curve
in the red is due to the wool green ; that extending from the green to

violet being the orange. (Shaded portions represent absorption.)

will now be readily seen that the very same shade could also

be obtained by simply adding to an orange colour a certain

amount of grey or black. The dyed patterns, for example,

Nos. 7, 8 and 9, are fine shades of grey produced by the

combination of red, yellow and blue. If the red and yellow

be in excess, a brown is produced as shown at No. 6. A
greater excess of yellow gives the old gold shade at No. 10

;

while if the green be in excess the sage, No. 11, is produced.

§ 76. Fig. 40 gives a representation of the spectrum of an

olive produced by combining wool green and orange, the

wool green being in excess.
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The strong absorption in the red and orange from lines B
to D is due to the wool green ; while the absorption curve

extending from the E lines in green to the violet is due to

the orange constituent. When both are combined it will be

observed in diagram 2 that the only rays allowed to pass

freely are the yellow rays with a considerable quantity of

green, all the others being more or less absorbed, especially

the red and orange. This shows that an olive is simply a

dulled or broken yellow-green, i.e., a yellow-green mixed with

a large proportion of grey caused by absorption.

This may be verified experimentally by dyeing with

naphthol yellow and aniline grey, a shade of olive or citrine

which matches the one dyed with orange and green.

§ 77. For a final example we may take an interesting

case of a dull shade of sage produced by two different

methods, i.e.

:

—
1st, by combining = naphthol yellow and methyl violet, and

2nd, ,,
= ,, ,, wool green, and a trace of red.

Both of these shades of sage were exactly similar in daylight,

but, strange to say, in gaslight they presented an appearance

altogether different from each other.

No. 1 shade appeared a reddish brown in gaslight, while

No. 2 became a pale olive.

In order to assist us in the study of this phenomenon we

shall represent their constitutions diagrammatically.

No. 1, Fig. 41, represents the absorption spectrum of the

sage shade composed of naphthol yellow and methyl violet

It shows absorption of the violet and the blue (caused by the

naphthol yellow), and absorption of the orange, yellow, yellow

green and a little of that green (caused by the methyl violet)

This shows the sage colour to be compounded of the red and

red-orange rays, with a proportion of the green and blue

green.
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Diagram 41 shows that the red rays are freely trans-

mitted, and the green rays at E and F are more or less

absorbed. This explains the cause of its much redder ap-

pearance in artificial lights. Such a shade when dyed on
fabrics exhibits strange dichroic properties ; its deeper shades

appearing much redder than its lighter tints.

Spectrum No. 2 of Fig. 41 represents that of a sage

exactly matching No. 1, but composed of naphthol yellow,

wool green, and a little red. It will be observed that though
the two colours may closely resemble each other when dyedABCDE F G H

ABODE F G H
Fig. 41.—Absorption spectra of a sage-green colour. No. 1 composed of

naphthol yellow and methyl violet. No. 2, of naphthol yellow, wool
green and a little red. Both colours match each other in daylight, but

not in gaslight. They have differently constructed spectra.

on wool, their absorption spectra show considerable differ-

ences. This spectrum shows strong absorption in the cherry

red, C| D, while the yellow, green, and blue are more readily

transmitted than in the case of No. 1. The several individ-

ual absorption lines in No. 2 may be traced to the constituent

colours
; thus the strong absorption in the cherry red is due

to the wool green, that in the green and blue is owing more
to the presence of the little red, while the strong absorption

of cyan blue and violet G-, to H, is due to the naphthol

yellow. If the absorption curves of these three dyestuffs be

superimposed (making the red very dilute) an absorption
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spectrum is obtained which corresponds exactly to that of

No. 2.

It is readily seen that No. 2 colour shows a much freer

transmission of the yellow, yellow-green and blue-green rays

than No. 1 ; hence these two colours differing so widely

in optical structure, can never appear identical when exam-

ined under artificial illuminants. In this case the green

comes into prominence in gaslight, giving the sage shade

a greener or more olive hue than its daylight aspect. No. 2

shade shows a greater tendency to reflect the green than the

red rays, while No. 1 shows exactly the opposite, having a

tendency to absorb the green and reflect or transmit the

extreme red.

The light sky blue shown in dyed pattern No. 4, and

composed of methyl violet and green, will be found, on ex-

amination in gaslight to become very much redder than a

similar tone of a pure unmixed blue. Though they may both

present an identical appearance in daylight, they will differ

widely in hue in gaslight. The non-composite blue appears

little changed, but the d)ed pattern No. 4 becomes quite a

delicate violet or lavender hue.

This, however, touches on the interesting study of colour

appearances under artificial lights, and the causes which

govern their changes in hue,—a subject which is considered

specially in a companion volume on Colour Matching on

Textiles.

§ 78. Each of the dyed specimens here appended have

already been considered in their proper places throughout

these pages ; but, as these references are necessarily some-

what dispersed, it may be well to refer to them collectively.

Dyed Pattern Plate 1.

(The weights of dyestuffs mentioned are, in every case,

for 100 lb. material).
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No. 1 is dyed with :

—

Victoria rubine 3 lb.

Orange 2 1 ,,

Victoria rubine, when sufficiently strong, absorbs all the

rays of the spectrum except red. If, therefore, it be mixed
with an equally strong green, which absorbs all the red rays,

then a total absorption of light, or a black is the result, as

shown in dyed specimen 3.

No. 2 is acid green (cone.) 4 per cent. This green shows
no transmission of the red rays at the strength named, and

must, therefore, when combined with Victoria rubine as

above, produce the absorption of all coloured rays, or a

black.

No. 3. Black produced by the combination of :

—

Victoria rubine 2 per cent.

Acid green (cone.) 3 ,, ,,

This shows the total absorption of light as represented

in Fig. 15, § 31.

Plate 2.

No. 4 is a light sky blue of a composite nature dyed

with :

—

Malachite green -08 per cent.

Methyl violet -04 „

Vinegar 5 „ „

As shown in Figs. 16 and 33 at § 33, § 61, when violet and

green are mixed together, it is found that the blue is the only

colour common to them both ; and it is therefore not absorbed.

Hence the origin of such composite blues. If the specimen

here shown had been dyed much stronger, a deeper and

purer tone of blue would have been obtained. Composite

blues of this nature change greatly in artificial lights ; and

if this dyed specimen be examined in gaslight beside a non-

mixed or homogeneous blue of the very same tone of colour,

such as cyanine blue, Victoria blue, etc., it will be observed
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that the composite blue changes from a sky blue to a delicate

lavender ; while the other, though matching it in daylight,

shows little change.

No. 5 is a citrine dyed with :

—

Grams or Oz.

Victoria yellow 400 6

Indigo blue substitute B.S. 100 1£

We have already observed (J 52, Chap. VI.) that a pure

tone of yellow and a greenish blue give a good green by

admixture. But if the yellow or the blue tend to be of a

reddish hue, then the mixture is dulled with grey, caused

by the presence of the third primary (red) ; and, instead of

a good green, a broken or saddened green is producd, i.e., a

citrine or an olive.

Victoria yellow and indigo substitute B. S. are both of a

reddish hue, so that, when they are combined in the dye-

bath, or the colour printing paste, a saddened yellow-green

or a citrine is produced, as shown in this dyed specimen.

No. 6 is a rich brown or russet dyed with :—
Victoria yellow

Azo acid magenta .

Indigo substitute B.S.

2 kilos 200 grams or 2 lb. 3J oz.

200 „ 8i „

200 „ Si „

We have observed in § 73, that when the three above

mentioned dyestuffs are combined in suitable proportions,

all the coloured rays are quenched or absorbed, and a pure

neutral grey is the result (see dyed specimens 7, 8, 9). But

if the yellow and the azo acid magenta be in excess, we

obtain a broken tone of orange, or a brown, as here shown.

If the orange be in great excess, then a clearer orange brown

is produced, as shown in dyed specimen 10.

Plate 3.

Nos. 7, 8, 9, are a beautiful series of greys produced by

the combination, in suitable proportions, of the three practi-

cal primaries, red, yellow and blue. No. 7 is a light neutral
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grey, and by increasing the proportions of dyestuffs a deeper

tone of grey is produced as in No. 8, while further addition

gives a dark grey, shade 9. These form an excellent series

of pure neutral greys which, unlike many similar composite

greys, show little or no alteration in hue in artificial light.

They were dyed as follows :

—

Dyestuff. (7) Light. (8) Mid. (9) Dark.

Indigo substitute,

B.S.

Azo acid magenta

Victoria yellow

(Meister Lucius &
Bruuing.)

162 grams or 2J oz.

62 1

22 „ „ 21b.3oz.
solution.*

325 grams or 5J oz.

125 ,, ,, 2 ,,

50 „ „ 5 lb.

solution.*

650 grams or 10 oz.

250 „ „ 4„

100 „ „101b.
solution.*

* Victoria yellow solution 1 per cent., obtained by dissolving 1 lb. dyestuff

in 100 lb. water.

Plate 4.

No. 10 is a fine shade of an orange brown (broken tone

of orange) dyed with :

—

grams or oz.

Orange No. 2 . 600 9|

Victoria yellow . 200 3J
Indigo substitute, B.S. . 90 H

It will be observed that in this tertiary shade the orange

is in great predominance, so that it is simply an excess of

orange + grey (see § 73).

No. 11 is a soft tertiary shade between a sage and an

olive produced by greatly diminishing the red or orange in

the browns already considered, until the blue and the yellow

a,re in the predominance. It is, therefore, in reality, a

broken tone of green, or a green mixed with a large per-

centage of grey (see § 45, et seq.).

It was dyed as follows :

—

grams or oz.

Victoria yellow ... 200 3£
Azo acid magenta ... 50 f
Indigo substitute, B.S. . . 250 4
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Absorption bands, 18, 27.

— curves, 41.

— of colour, 4, 6, 30.
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33, 38.

— spectrum, 25.
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— — azo orange, 45, 115, 117.
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— — green, 34, 44.
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— — methyl violet, 38, 45,
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— — naphthol yellow, 34, 45,

90.

_ _ olive, 118.

— — orange, 45, 102, 115.

— — picric acid, 26.

_ _ red, 90.

— — rhodamine, 53, 90.
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— — russet, 115.
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— — Victoria blue, 45.

— — violet, 107.

— total, 35.

Acid green, 122.

Actinic rays, 2.

Alizarin, 27.

Analysis of light, 11, 21.

Aristotle on colour, 58.

Artificial light, colour changes in,

28, 56, 121.

Azo carmine, 86.

B.

Benson, William, 58.

Bismarck Brown, 116.

Black, by mixing red and green,

35, 122.

— colours mixed with, 110.

— materials, warmth of, 47.

Blue, by admixture, 38, 40, 99.

— composite, 39, 99, 122.

— cyan, 98.

— in gaslight, 100, 121.

— patent, 87.

— quinoline, 51.

— solid, 86.

— spectrum of, 17.

— Victoria, 45, 46.

Blues, 96.

Bluish reds, 92.

Body colour, 9.

Brewster, Sir David, 58.

— theory, 58.

Brightness of a colour, 70.

Brilliancy of hue, 48.

Brown, 113, 123.

— orange, 124.

Buff, 66.

Bunsen, 21.

C.

Carmine, 89.

Cast of a colour, 69.

Chevreul, 58.

Chlorophyll, 27.

Chromatic circle, 32, 40, 77, 79, 80,

91, 99.

Chromic, chloride spectrum of, 50.

Citrine, 66, 75, 95, 116, 123.

Colour a sensation, 1.

— body, 9.

— by absorption, 30.
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Colour constants, 68 ; hue, 68

;

purity, 69; luminosity, 70.
— mixing, Lambert's method

of, 60, 63.

— — of lights and dyes, 60-63.— production of, 6.

— scale, 73.— theories, 57.

Colours, dichroic, 49, 52, 56.— fluorescent, 8.— mixing, qualities of, 82.— primary, 57, 64.
— secondary, 64, 76.— surface, 9.— tertiary, 65.

— of illuminated bodies, 4.— of opaque bodies, 8.

— of spectrum, fundamental,
20.

— of transparent bodies, 9.

Complementary colours, 74, 80.— — combining, 81.

— — harmonising, 77, 79, 80
Composite blues, 39, 99, 122.— violets, 107.

Constants, colour, 68.

Construction of spectroscope, 22.

Crimson, 89.

Curves absorption, 41.

— luminosity, 41.

Cyan blue, 98.

D.

Dahlia, 106.

Dark grey, 124.

Dark lines in spectrum, 20.

Dichroic colours, 49, 56.

— — in gaslight, 56, 119.— sage, 119.

Dichroism, 49-56.

Diffraction colours, 7.

Direct vision spectroscope, 24, 29.

Dispersion colours, 7.

Dyed fabrics, dichroism in, 55.— fibres, lustre of, 37.
— tertiary shades, 67.

Dyes, mixing coloured lights and,
60-63.

Fabrics, dichroism in dyed, 55.
Fibres, lustre of dyed, 37.
Field, 58.

Fixed lines in spectrum, 19.

Fluorescence, 7.

Formation of greens, 31.

— of orange, 102.
— of scarlets, 89.

— of violets, 107.

Fraunhofer lines, 19, 21.

G.

Gaslight, blues in, 100.
— dichroic colours in, 56, 121.— violets in, 109.

Gradating shades, 86.

Green, acid, 122.
— by mixture, 34.

— compound spectrum of, 44.— emerald, 6.

— formation, 31, 104.
— malachite, absorption spec-

trum of, 38, 45, 46, 99.— — dichroism of, 52.

— sage spectrum, 120.
— wool, 107.

Greens, 103.

— mixing, 83.

— tints of, 105.

Greys, compound, light, mid, dark,
123, 124.

Emerald green, 6.

Eosine, absorption spectrum, 45.

Harmonising complementaries,
77, 79, 80.

Hay, 58.

Heat, light transformed into, 47.— rays, 2.

Helmholtz, 57.

Hofmann's violets, 84, 105.

Homogeneous colours, 13, 28.

Hue, 68.

I.

Illuminated objects, 3.

— — colours of, 4.

Indigo blue, 98.

— — substitute, B. S., 87, 123.
"Indigo substitute," 39, 98.

Interference colours, 7.
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K.

Kepler, 11.

Kermes, 89.

Kirchhoff, 21.

L.

Lambert's method of colour mix-
ing, 60, 63.

Light, analysis of, 11.

— greys, 124.

— mixing coloured, 59, 62.

— monochromatic, 5.

— theory of, 2.

— transformed into heat, 47.

— waves, 2.

Lines in spectrum, dark, 19, 21.

Locality of colours in spectrum,
20.

Luminous colours, 48.

— objects, 3.

Luminosity, 70.

— curves, 41.

Lustre of fibres, 37.

M.

Magenta, absorption spectrum of,

26, 42, 43, 91.

— azo acid, 87, 123.

— brilliancy of, 48.

— dichroism in, 51.

Malachite green, absorption spec-

trum, 38, 45, 46, 99.

— — dichroism in, 52.

Maroon, 112.

Mauve, 106.

Maxwell, Clerk, 57, 88.

Metallic coloured reflex, 9.

Method, Lambert's, 60.

Methyl violet, 38.

Mid grey, 124.

Mixing coloured lights, 59.

— greens, 83.

— orange, 83.

— violets, 84.

— qualities of colours, 82.

Monochromatic light, 5.

N.

Newton, Sir Isaac, 2, 11.

Night blue, 46.

Objects, illuminated, 3.

— luminous, 3.

Olives, 95, 104, 114, 116.

— absorption spectrum of, 118,

119.

Opaque bodies, colours of, 8.

Optical structure of colours, 121.

Orange, 101, 115.
— absorption spectrum of, 45,

103.

— brown, 124.

— G., 86, 117.

— mixing, 83.

P.

Perkin's mauve, 92.

Pfaff, 2.

Physicists method of colour mix-
ing, 60, 64.

Picric acid, 25, 26, 91.

Pinks, 92.

Plum, 66.

Pocket spectroscope, 24, 29.

Primary colours, 57-63.

— — practical, 88.

Prism, 12, 14, 16, 18.

Production of colour, 6.

Puce, 113.

Purity of colour, 69.

Purple, 92, 106, 108.

— Tyrian, 108.

R.

Eed, 88.

— bluish, 92.

— darkened, 112.

— sheep skin dyer's, 90, 91.

— spectrum of, 17.

— tints of, 93.

Redgrave, 58.

Reflection, metallic coloured, 10.

Refrangibility of colour, 13, 15, 21.

Rhodamine, 89, 90, 92.

— absorption spectrum, 53,

107.

— brilliancy of, 48.

Ridgway, R., 106.

Rood, Prof., 21, 70, 103.

Russet, 66, 75, 104, 113, 115, 123.

— tints of, 116.
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Sad and sombre shades, 74.

Sage colour, 66, 124.

— — dichroic, 51, 119.

Scale of colour, 73.

Scarlets, 89.

Secondary colours, 64, 76, 101, 109.
Selective absorption, 9.

Sensation, colour a, 1.

Shades, 72, 73, 86, 87, 110.
— from simple dyes, many, 86,

87.

— harmonising, 80.

— of yellow, 96.

— produced by combining
complementaries, 81.— tertiary, 65, 76, 110, 117.

Sheep skin dyer's red, 90, 91.

Slate, 66, 75.

Spectra, simple absorption, 16, 17.

Spectroscope, aid of, 18, 22, 24, 27,

48, 52, 95.

— construction of, 22.

— direct vision, 24, 29.

Spectrum, solar, 11, 19, 20.

Surface colour, 9.

Tertiary shades, 65, 76, 110, 117.
Theories, colour, 57-63.

Tints, 71, 73.

— harmonising, 79.
— of green, 105.

— of red, 93.

— of violet, 109.

Tones colour, 73.

Total absorption, 35.

Transparent bodies, colours of, 9.

Tyrian purple, 108.

U.

Ultramarine blue, 6.

V.

Variety of shades from few dyes.
85, 86.

Velvet pile fabrics, dyes on, 56.

Vermilion, 6, 8, 89.

Victoria blue, absorption spec-
trum, 45, 46.

— rubine, 122.
— yellow, 123.

Violet, 105.

— methyl, 38, 45, 47, 51, 99, 116.— tints of, 109.

— mixing, 84, 107.

W.

Warmth of black material, 48.

Waves, light, 2.

Wollaston, 19.

Wool green, 118.

Wunsch, 57.

Yellow, 93.

— absorption spectrum of, 34,
45.

— azo, 87.

— dichronism in, 51.

— naphthol, 34, 45.
— shades of, 96.

— Victoria, 87, 123.

Young, Dr. Thomas, 57.
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PATTERN PLATE (1).

\

1.

Victoria Rubine, 3 per cent.

^-^ _ _ J

—
Acid Qreen (concentrated), 4 per cent.

Victoria Rubine, 2 per cent.

Acid Qreen, 3 „





PATTERN PLATE (2).

(Weight of Dyestuffs refer to 100 lb. Material.)

Light Blue, dyed with Malachite Green, -08 per cent.

Methyl Violet, -04

Vinegar, 5-00 ,,

Citrine, from Victoria Yellow, 6J oz.

Indigo Substitute, 1£ ,,

Rich Brown, from Victoria Yellow, 2 lb. 3J oz.

Azo Acid Magenta, 3J ,,

Indigo Substitute, 3J ,,

,;i





PATTERN PLATE (3).

(Weight of Dyestuffs refer to 100 lb. Material.)

Light Grey, dyed with Indigo Substitute, 2J oz.

Azo Acid Magenta, 1 ,,

Victoria Yellow Solution,* 21b. 3 oz.
1

Mid Grey, dyed with Indigo Substitute, 5J oz.

Azo Acid Magenta, 2 ,,

Victoria Yellow Solution,* 5 lb.

Dark Grey, dyed with Indigo Substitute, 10 oz.

Azo Acid Magenta, 4 ,,

Victoria Yellow Solution,* 10 lb.

* N.B.— 1 per cent. Solution obtained by dissolving 1 lb. Dye in 100 lb. Water.

g
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PATTERN PLATE (4).

(Weight of Dyestuffs refer to 100 lb. Material.)

10.

Brown, dyed with Victoria Yellow, 3£ oz.

Orange 2, 9| „

Indigo Substitute, 1J „

*

11.

Sage, dyed with Indigo Substitute, 4 oz.

Victoria Yellow, 3^ ,,

Azo Acid Magenta, f ,,

For these Dyed Patterns we are indebted to

Meister, Lucius & Bruning,

Hoechst-on-the-Maine,

Germany.

B

;
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Books on Oils, Soaps, Colours,

Glue, Varnishes, etc.

THE PRACTICAL COMPOUNDING OF OILS, TALLOW
AND GREASE FOR LUBRICATION, ETC. By An Expert Oil

Refiner. Price : United Kingdom, 7s. 6d. ; Continent, 9s., post

free.

Contents.

Chapters I., Introductory Remarks on the General Nomenclature of Oils, Tallow and

Greases suitable for Lubrication.—II., Hydrocarbon Oils.— III., Animal and Fish Oils.

—

IV., Compound Oils.—V., Vegetable Oils. —VI., Lamp Oils.—VII., Engine Tallow,

Solidified Oils and Petroleum Jelly.—VIII., Machinery Greases: Loco and Anti =

friction.—IX., Clarifying and Utilisation- of Waste Fats, Oils,

Drainings of Barrels and Drums, Pickings Up, Dregs, etc.—X.

Cleaning of Oil Tanks, etc.—Appendix of General Information.

Tank Bottoms,

The Fixing and

Press Opinions.

' This work is written from the standpoint of the oil trade, but its perusal will be found very

useful by users of machinery and all who have to do with lubricants in any way."

—

Colliery

Guardian.

" The properties of the different grades of mineral oil and of the animal and vegetable non-

drying oils are carefully described, and the author justly insists that the peculiarities of the

machinery on which the lubricants are to be employed must be considered almost before every

thing else. . . . The chapters on grease and solidified oils, etc., are excellent."

—

The Ironmonger

" In its ninety-six pages this little work contains a wealth of information ; it is written without

waste of words on theoretical matters, and contains numerous formulas for a great variety of

compounds for the most varied lubricants. In addition there are many practical hints of use in

the factory in general, such as of tanks, etc., and altogether the book is worth several times its

price in any factory of these compounds."

—

American Soap Journal.

SOAPS. A Practical Manual of the Manufacture of Domestic,

Toilet and other Soaps. By George H. Hurst, F.C.S. Illustrated

with 66 Engravings. Price 12s. 6d. ; Germany, 14 mks. ; France and

Belgium, 16 frs., post free.

Contents.

Chapters I., Introductory.—II., Soap=maker's Alkalies.—III., Soap Fats and Oils.—

IV., Perfumes.—V., Water as a Soap Material.—VI., Soap Machinery.—VII., Tech-

nology of Soap=making.—VIII., Glycerine in Soap Lyes.—IX., Laying out a Soap

Factory.—X., Soap Analysis.—Appendices.



Press Opinions.
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'
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on is conveyed in a convenient and trustworthy manner which willappeal to practical soap-makers."—Chemical Trade Journal.JS ,

is a better book on soap-manufacture than any of the same size which have been
th-V. h •
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n reads like the 'real thing,' and gives a very complete account of

«,»n ,v,

qU<5 soaP-maklng. especially of the machinery employed, the different methods and
:,,, j ,,

e a"angement of soap factories.
. . . The book is produced well, and is splendidly illus-trated. —Chemist and Druggist.

" The best and most reliable methods of analysis are fully discussed, and form a valuable
source of reference to any work's chemist. ... Our verdict is a capitallv-produced book, and
one that is badly needed."—Birmingham Post.

" We think it is the most practical book on these subjects that has come to us from England
so tat."—'American Soap Journal.

" Works that deal with manufacturing processes, and applied chemistry in particular, are
always welcome. Especially is this the case when the material presented is so up-to-date as
we find it here."—Bradford Observer.

ANIMAL FATS AND OILS : Their Practical Production, Puri-
fication and Uses for a Great Variety of Purposes. Their Properties,

Falsification and Examination. A Handbook for Manufacturers of Oil

and Fat Products, Soap and Candle Makers, Agriculturists, Tanners,
Margarine Manufacturers, etc., etc. By Louis Edgar Andes. With
62 Illustrations. Price 10s. 6d. ; France and Belgium, 13 frs. ; Colonies,

12s., post free.

Contents.
Introduction. Occurrence, Origin, Properties and Chemical Constitution of Animal Fats.

Preparation of Animal Fats and Oils. Machinery. Tallow-melting Plant. Extraction Plant.
Presses. Filtering Apparatus. Butter : Raw Material and Preparation, Properties, Adult-
erations, Beef Lard or Remelted Butter, Testing. Candle-fish Oil. Mutton Tallow. Hare
Fat. Goose Fat. Neatsfoot Oil. Bone Fat: Bone Boiling, Steaming Bones, Extraction,
Refining. Bone Oil. Artificial Butter : Oleomargarine, Margarine Manufacture in France,
Grasso's Process. " Kaiser's Butter," Jahr & Miinzberg's Method, Filbert's Process, Winter's
Method. Human Fat. Horse Fat. Beef Marrow. Turtle Oil. Hog's Lard : Raw Material,
Preparation, Properties, Adulterations, Examination. Lard Oil. Fish Oils. Liver' Oils.
Artificial Train Oil. Wool Fat : Properties, Purified Wool Fat. Spermaceti: Fxamination
of Fats and Oils in General.

Press Opinions.
" The latest and most improved forms of machinery are in all cases indicated, and the many

advances which have been made during the past years in the methods of producing the more
common animal fats—lard, tallow and butter—receive due attention."

—

Glasgow Herald
"The work is very fully illustrated, and the style throughout is in strong contrast to that

employed in many such treatises, being simple and clear."—Shoe and Leather Record.

"An important handbook for the ' fat industry,' now a large one. The explanation of the
most scientific processes of production lose nothing of their clearness in the translation."-
Newcastle Chronicle.

" It is a valuable work, not only for the student, but also for the practical manufacturer of
oil and fat products.."—Journal of the American Chemical Society.

" The descriptions of technical processes are clear, and the book is well illustrated and
should prove useful."

—

Manchester Guardian.

VEGETABLE FATS AND OILS : Their Practical Preparation,

Purification and Employment for Various Purposes, their Properties.

Adulteration and Examination. A Handbook for Oil Manufacturers

and Refiners, Candle, Soap and Lubricating Oil Makers, and the Oil

and Fat Industry in General. Translated from the German of Louis
Edgar Andes. With 94 Illustrations. Price 10s. 6d. ; Germany.
12 mks. ; France and Belgium, 13 frs. ; Colonies, 12s. post free.
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Contents.
Statistical Data. General Properties of the Vegetable Fats and Oils. Estimation of the

Amount of Oil in Seeds. Table of Vegetable Fats and Oils, with French and German
Nomenclature, Source and Origin and Percentage of Fat in the Plants from which they are
Derived. The Preparation of Vegetable Fats and Oils : Storing Oil Seeds ; Cleaning the Seed.
Apparatus for Grinding Oil Seeds and Fruits. Installation of Oil and Fat Works. Ex-
traction Method of Obtaining Oils and Fats. Oil Extraction Installations. Press Moulds.
Non-drying Vegetable Oils. Vegetable Drying Oils. Solid Vegetable Fats. Fruits Yielding
Oils and Fats. Wool-softening Oils. Soluble Oils. Treatment of the Oil after Leaving
the Press. Improved Methods of Refining with Sulphuric Acid and Zinc Oxide or Lead Oxide.
Refining with Caustic Alkalies, Ammonia, Carbonates of the Alkalies, Lime. Bleaching Fats
and Oils. Practical Experiments on the Treatment of Oils with regard to Refining and
Bleaching. Testing Oils and Fats.

Press Opinions.
" Concerning that and all else within the wide and comprehensive connexion involved, this

book must be invaluable to every one directly or indirectly interested in the matters it treats
of."

—

Commerce.
" The proprietors of the Oil and Colourman's Journal have not only placed a valuable and

highly interesting book of reference in the hands of the fats and oils industry in general, but
have rendered no slight service to experimental and manufacturing chemists."

—

Manufacturing
Chemist.
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LUBRICATING OILS, FATS AND GREASES : Their Origin,
Preparation, Properties, Uses and Analyses. A Handbook for Oil
Manufacturers, Refiners and Merchants, and the Oil and Fat Industry
n General. By George H. Hurst, F.C. S. Price 10s. 6d. ; Germany,
12 inks.

; France and Belgium, 13 frs. ; Colonies, 12s., post free.

Contents.
Chapters I., Introductory. Oils and Fats, Fatty Oils and Fats, Hydrocarbon Oils, Uses

of Oils.—II., Hydrocarbon Oils. Distillation, Simple Distillation, Destructive Distillation,
Products of Distillation, Hydrocarbons, Paraffins, Olefins, Naphthenes.— III., Scotch Shale
Oils. Scotch Shales, Distillation of Scotch Oils, Shale Retorts, Products of Distilling Shales,
Separating Products, Treating Crude Shale Oil, Refining Shale Oil, Shale Oil Stills, Shale
Naptha Burning Oils, Lubricating Oils, Wax.—IV., Petroleum. Occurrence, Geologv, Origin,
Composition, Extraction, Refining, Petroleum Stills, Petroleum Products, Cylinder Oils'. Russian
Petroleum, Deblooming Mineral Oils.—V., Vegetable and Animal Oils. Introduction,
Chemical Composition of Oils and Fats, Fatty Acids, Glycerine, Extraction of Animal and
Vegetable Fats and Oils, Animal Oils, Vegetable' Oils, Rendering, Pressing, Refining, Bleaching
Tallow, Tallow Oil, Lard Oil, Neatsfoot Oil, Palm Oil, Palm Nut Oil, Cocoanut Oil, Castor
Oil, Olive Oil, Rape and Colza Oils, Arachis Oil, Niger Seed Oil, Sperm Oils, Whale Oil Seal
Oil, Brown Oils, Lardine, Thickened Rape Oil.—VI., Testing and Adulteration of Oils
Specific Gravity, Alkali Tests, Sulphuric Acid Tests, Free Acids in Oils, Viscosity Tests Flash
and Fire Tests, Evaporation Tests, Iodine and Bromide Tests, Elaidin Test, Melting Point of
Fat, Testing Machines.—VII., Lubricating Greases. Rosin Oil, Anthracene Oil Making
Greases, Testing and Analysis of Greases.—VIII., Lubrication. Friction and Lubrication
Lubricant, Lubrication of Ordinary Machinery, Spontaneous Combustion of Oils Stainless
Oils Lubrication of Engine Cylinders, Cylinder Oils.—Appendices. A. Table of Baume'sHydrometer—B. Table of Thermometric Degrees—C. Table of Specific Gravities of Oils

—

Index.
Press Opinions.

_

"This is a clear and concise treatment of the method of manufacturing and refining lub-
ricating oils. . . . The book is one which is well worthy the attention of readers who are users
of oil. — Textile Recorder.

" The book is well printed, and is a credit alike to author, printer and publisher "—Textile
Mercury.

"Mr. Hurst has in this work supplied a practical treatise which should prove of especial
value to oil dealers and also, though in a less degree, of oil users."—Textile Manufacturer"A mere glance at the table of contents is sufficient to show how various are the conditions
to which these materials have to be applied, how much knowledge is required for the selection
of the right kind for each particular purpose, and how by processes of mixture or manufacture
the requisite qualities are obtained in each case."

—

Manchester Guardian.
" This valuable and useful work, which is both scientific and practical, has been written with

a view of supplying those who deal in and use oils, etc., for the purpose of lubrication with some
information respecting the special properties of the various products which cause these various
oils to be of value as lubricants."

—

Industries and Iron.
"We have no hesitation in saying that in our opinion this book ought to be very useful to

all those who are interested in oils, whether as manufacturers or users of lubricants or to those
chemists or engineers whose duty it may be to report upon the suitability of the same for any
particular class of work."

—

Engineer
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" The author is widelj' known and highly respected as an authority on the chemistry of oils

and the technics of lubrication, and it is safe to say that no work of similar interest or equal
value to the general oil-selling and consuming public has heretofore appeared in the English
language."

—

Drugs, Oils and Faints, U.S.A.
" It will be a valuable addition to the technical library of every steam user's establishment.—Machinery Market.

THE MANUFACTURE OF VARNISHES, OIL REFINING
AND BOILING, AND KINDRED INDUSTRIES. Describing
the Manufacture of Spirit Varnishes and Oil Varnishes ; Raw Materials

:

Resins, Solvents and Colouring Principles ; Drying Oils : their Pro-
perties, Applications and Preparation by both Hot and Cold Processes;
Manufacture, Employment and Testing of Different Varnishes. Trans-
lated from the French of Ach. Livache. Greatly Extended and
Adapted to English Practice, with numerous Original Recipes. By
J. G. McIntosh, Lecturer on Oils, Colours and Varnishes. Price
12s. 6d. France and Belgium, 16 frs. ; Colonies, 14s., post free.

Contents.
I. Resins : Gum Resins, Oleo Resins and Balsams, Commercial Varieties, Source, Collection,

Characteristics, Chemical Properties, Physical Properties, Hardness, Adulterations, Appro-
priate Solvents, Special Treatment, Special Use.

—

II. Solvents: Natural, Artificial, Manufac-
ture, Storage, Special Use.—III. Colouring : Principles, (i) Vegetable, (2) Coal Tar, (3) Coloured
Resinates, (4) Coloured Oleates and Linoleates.—Gum Running: Furnaces, Bridges, Flues,
Chimney Shafts, Melting Pots, Condensers, Boiling or Mixing Pans, Copper Vessels, Iron
Vessels (Cast), Iron Vessels (Wrought), Iron Vessels (Silvered), Iron Vessels (Enamelled),
Steam Superheated Plant, Hot-air Plant.— Spirit Varnish Manufacture : Cold Solution Plant,
Mechanical Agitators, Hot Solution Plant, Jacketted Pans, Mechanical Agitators, Clarification

and Filtration, Bleaching Plant, Storage Plant.— Manufacture, Characteristics and Uses of the
Spirit Varnishes yielded by : Amber, Copal, Dammar, Shellac, Mastic, Sandarac, Rosin, Asphalt,
India Rubber, Gutta Percha, Collodion, Celluloid, Resinates, Oleates.—Manufacture of Varnish
Stains.—Manufacture of Lacquers.—Manufacture of Spirit Enamels.—Analysis of Spirit Var-
nishes.—Physical and Chemical Constants of Resins.—Table of Solubility of Resins in different

Menstrua,—Systematic qualitative Analysis of Resins Hirschop's tables.—Drying Oils : Oil Crush-
ing Plant, Oil Extraction Plant, Individual Oils, Special. Treatment of Linseed Oil, Poppyseed
Oil, Walnut Oil, Hempseed Oil, Llamantia Oil, Japanese Wood Oil, Gurjun Balsam, Climatic
Influence on Seed and Oil.— Oil Refining: Processes, Thenard's, Liebig's, Filtration, Storage,
Old Tanked Oil.—Oil Boiling: Fire Boiling Plant, Steam Boiling Plant, Hot-air Plant, Air
Pumps, Mechanical Agitators, Vincent's Process, Hadfield's Patent, Storer's Patent, Walton's
Processes, Continental Processes, Pale Boiled Oil, Double Boiled Oil, Hartley and Blenkinsop's
Process.—Driers: Manufacture, Special Individual Use of (1) Litharge, (2) Sugar of Lead, (3)

Red Lead. (4) Lead Borate, (5) Lead Linoleate, (6) Lead Resinate, (7) Black Oxide of Man-
ganese, (8) Manganese Acetate, (9) Manganese Borate, (10) Manganese Resinate, (n) Manganese
Linoleate, Mixed Resinates and Linoleates, Manganese and Lead, Zinc Sulphate, Terebine,
Liquid Driers.—Solidified Boiled Oil.—Manufacture of Linoleum.—Manufacture of India
Rubber Substitutes.—Printing Ink Manufacture.—Lithographic Ink Manufacture.—Manufacture
of Oil Varnishes.—Running and Special Treatment of Amber, Copal, Kauri, Manilla.—Addition
of Oil to Resin.—Addition of Resin to Oil.—Mixed Processes.—Solution in Cold of previously
fused Resin.—Dissolving Resins in Oil, etc., under pressure.— Filtration.—Clarification.

—

Storage.—Ageing.—Coachmakers' Varnishes and Japans.—Oak Varnishes.—Japanners' Stoving
Varnishes.—Japanners' Gold Size.—Brunswick Black.—Various Oil Varnishes.—Oil-Varnish
Stains.—Varnishes for "Enamels".— India Rubber Varnishes.—Varnishes Analysis: Pro-
cesses, Matching.— Faults in Varnishes : Cause, Prevention.—Experiments and Exercises.

Press Opinions.
." There is no question that this is a useful book."

—

Chemist and Druggist.
" The different formula which are quoted appear to be far more ' practical ' than such as are

usually to be found in text-books; and assuming that the original was published two or three
years ago, and was only slightly behindhand in its information, the present volume gives a fair

insight into the position of the varnish industry."

—

The Ironmonger.

THE MANUFACTURE OF LAKE PIGMENTS FROM
ARTIFICIAL COLOURS. By Francis H. Jennison, F.I.C., F.C.S.
15 Plates. Price 7s. 6d. ; Abroad, 9s., strictly net, post free.

Contents.
Chapters I., Introduction.—II., The Groups of the Artificial Colouring Matters.—III., The

Nature and Manipulation of Artificial Colours.—IV., Lake-forming Bodies for Acid Colours.

—

V., Lake-forming Bodies' Basic Colours.—VI., Lake Bases.—VII., The Principles of Lake
Formation.—VIII., Red Lakes —IX., Orange, Yellow, Green, Blue, Violet and Black Lakes.

—

X., The Production of Insoluble Azo Colours in the Form of Pigments.—XI., The General
Properties of Lakes Produced from Artificial Colours.—XII., Washing, Filtering and Finishing.
—XIII., Matching and Testing Lake Pigments.
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THE TESTING AND VALUATION OF RAW MATERIALS
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• Contents.
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Chromium Compounds, ^n Compounds ConTrCompounds. Lead Compounds. Zinc Compounds. Manganese Compound" Arsenic Compounds. Antimony Compounds. Calcium Compounds. Barium Compounds Cadm.um"Compounds. Mereury Compounds. Ultramarine. Cobalt and CarboT Compounds OilT.

„ T, , t , . „ Press Opinion.
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the chemists « colourworks, ye it will appeal to them very strongly indeed, for it will put them on the track nfZtrapid and yet approximately, accurate methods of testing the compara™ e value of comcSsamples of raw material used in paint and colour manufacture."-^™ BrUifh Daily Mail.
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THE CHEMISTRY OF ESSENTIAL OILS AND ARTIFNCIAL PERFUMES. By Ernest J. Parry, B.Sc. (Lond.), F.I.C..
F.C.S.
Abroad,

400 pp. Price 12s. 6d.
Illustrated with 20 Engravings.

14s., strictly net, post free.

Contents.
Chapters I. The General Properties of Essential Oils.— II

, Compounds occurringin Essential Oils -III., The Preparation of Essential Oils. -IV™ The AniUvsi ofEffent.al Oils -V., Systematic Study of the Essential Oils.-VI , Terpeneless OHs -VII., The Chem1Stry of Artificial Perfumes.-Appendix : Table of Constants

Press Opinions.
" A '

v*rio "? t™es monographs have been printed by individual workers but it mav safrlvbe said that Mr. Parry is the first in these latter days to deal with the sublet n an adequaemanner. His book is well conceived and well written He is known to have sound practicalexperience in analytical methods, and he has apparently taken pains to make h°mself
P
nf
"

with the commercial aspects of the subject."—Chemist and Druggist
J

We can heartily recommend this volume to all interested" in the subject of essential oilsfrom the scientific or the commercial standpoint."-/; ,-,r, s /, and Colonial Druggist
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a taWe of ™ants for the more importantessential oils. This, in itself, is of sufficient importance and use to warrant the publicationof the book, and added to the very complete classification and consideration of the essentia"oils which precedes it, the volume becomes of great value to all inteTestea."-Glasgot HeraldMr. Parry has done good service in carefully collecting and marshalling the Jesuits of thenumerous researches published in various parts of the worlt"-Pharmaceut^al Journal!

COLOUR: A HANDBOOK OF THE THEORY OF COLOURBy George H. Hurst, F.C.S. With 10 coloured Plates and 72 Illus-
trations. Price 7s. 6d.

; Abroad, 9s., post free.

Contents.
Chapters I Colour and its Production.-II., Cause of Colour m Coloured Bodies -IIL, Colour Phenomena and Theories. -IV., The Physiology of Light -V Contest-VI., Colour in Decoration and Design.-VII., Measurement of Colour.

^°"trast -

Press Opinions.
" This is a workmanlike technical manual, which explains the scientific theory of colour interms intelligible to everybody.

. . It cannot but prove both interesting and instructive
"

aSclasses of workers in colour."—Scotsman. 5 une t0 au

" Mr. Hurst's Handbook on the Theory of Colour will be found extremely useful not onlv to
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direct servi« t° ^e majority of dyers, calico printers and colourmixers to whom we confidently recommend it."—Chemical Trade Journal
This useful little book possesses considerable merit, and will be of great utility to those forwhom it is primarily intended."—Birmingham Post.
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CORROSIVE PAINTS. By Louis Edgar Andes. 275 pp.,
sixty-two Illustrations. Translated from the German. Price 10s. 6d.

;

Abroad, 12s., strictly net, post free.

Contents.
Ironrust and its Formation—Protection from Rusting by Paint—Grounding the Iron with

Linseed Oil, etc.—Testing Paints—Use of Tar for Painting on Iron—Anti-corrosive Paints

—

Linseed Varnish—Chinese Wood Oil—Lead Pigments— Iron Pigments—Artificial Iron Oxides
—Carbon—Preparation of Anti-corrosive Paints—Results of Examination of Several Anti-
corrosive Paints— Paints for Ship's Bottoms—Anti-fouling Compositions—Various Anti-cor-
rosive and Ship's Paints—Official Standard Specifications for Ironwork Paints— Index.

Press Opinion.
" The book before us deals with the subject in a manner at once practical and scientific, and

is well worthy of the attention of all builders, architects and engineers."

—

The Builder.

THE LEATHER WORKER'S MANUAL. Being a Com-
pendium of Practical Recipes and Working Formulae for Currie'rs,
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers,
Fancy Leather Workers, and all Persons engaged in the Manipulation
of Leather. By H. C. Standage. Price 7s. 6d. ; Abroad, 9s., strictly

net, post free.

Contents.
Chapters I., Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe

Leather.— II., Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top
Powders and Liquids, etc., etc.

—

III., Leather Grinders' Sundries.— IV., Currier's Seasonings,
Blacking Compounds, Dressings, Finishes, Glosses, etc.—V., Dyes and Stains for Leather.

—

VI., Miscellaneous Information.

—

VII., Chrome Tannage.— Index.

Press Opinions.
"The book being absolutely unique, is likely to be of exceptional value to all whom it con-

cerns, as it meets a long-felt want."

—

Birmingham Gazette.
" This is a valuable collection of practical receipts and working formula; for the use of those

engaged in the manipulation of leather. We have no hesitation in recommending it as one of
the best books of its kind, an opinion which will be endorsed by those to whom it appeals."

—

Liverpool Mercury.

GLUE AND GLUE TESTING. By Samuel Rideal, D.Sc
Lond., F.I.C. Fourteen Engravings. Price 10s. 6d., strictly net ; United
States, 3dols. ; Germany, 12 mks. ; France and Belgium, 13frs., post free.

Contents.
Chapters I., Constitution and Properties: Definitions, Sources, Gelatine, Chondrin and

Allied Bodies, Physical and Chemical Properties, Classification, Grades and Commercial
Varieties.— II., Raw Materials and Manufacture : Glue Stock, Lining, Extraction,
Washing and Clarifying, Filter Presses, Water Supply, Use of Alkalies, Action of Bacteria and
of Antiseptics, Various Processes, Cleansing, Forming, Drying, Crushing, etc., Secondary
Products.— ill., Uses of Glue: Selection and Preparation for Use, Carpentry, Veneering,
Paper Making, Book-binding, Printing Rollers, Hectographs, Match Manufacture, Sandpaper,
etc., Substitutes for other Materials, Artificial Leather and Caoutchouc—IV., Gelatine :

General Characters, Liquid Gelatine, Photographic Uses, Size, Tanno- Chrome, and Formo-
Gelatine, Artificial Silk, Cements, Pneumatic Tyres, Culinary, Meat Extracts, Isinglass,
Medicinal and other Uses, Bacteriology.— V., Glue Testing : Review of Processes, Chemical
Examination, Adulteration, Physical Tests, Valuation of Raw Materials.—VII., Commercial
Aspects.

Press Opinion.
" This work is of the highest technical character, and gives not only a full and practical

account of the raw materials and manufacture of glues, gelatines and similar substances, but
gives many hints and information on the use of such substances in veneering, carpentry and
many other purposes. Many tests are given for glue in different stages of the progress of its
manufacture, and the commercial value of a commodity'so much in general use is exemplified
by statistics and figures. It is certainly a valuable treatise upon an article for which very little
literature in any form has previously been obtainable."

—

Carpenter and Builder.

PURE AIR, OZONE AND WATER. A Practical Treatise
of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and
other Industries. By W. B. Cowell. Twelve Illustrations. Price
5s. ; Abroad, 6s., strictly net, post free.
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Contents.
Chapters I;, Atmospheric Air; Lifting of Liquids; Suction Process; Preparing Blown Oils;

Preparing Siccative Drying Oils.— II., Compressed Air; Whitewash.— III., Liquid Air; Retro-
cession.—IV., Purification of Water; Water Hardness.—V., Fleshings and Bones.—VI., Ozon-
ised Air in the Bleaching and Deodorising of Fats, Glues, etc.; Bleaching Textile Fibres.—
Appendix: Air and Gases; Pressure of Air at Various Temperatures; Fuel; Table of Com-
bustibles

;
Saving of Fuel by Heating Feed Water

; Table of Solubilities of Scale Making
Minerals

;
British Thermal Units Tables ; Volume of the Flow of Steam into the Atmosphere

;

Temperature of Steam.—Index.

THE RISKS AND DANGERS OF VARIOUS OCCUPA=
TIONS AND THEIR PREVENTION. By Leonard A. Parry,
M.D., B.S. (London). Price 7s. 6d. ; Abroad, 9s., strictly net, post free.

Contents.
Chapters I., Occupations which are Accompanied by the Generation and Scattering of

Abnormal Quantities of Dust.— II., Trades in which there is Danger of Metallic Poisoning —
III., Certain Chemical Trades.—IV., Some Miscellaneous Occupations.—V., Trades in which
Various Poisonous Vapours are Inhaled.—VI., General Hygienic Considerations.

Books on Pottery, Glass, etc.
THE MANUAL OF PRACTICAL POTTING.

Colonies and Continent, 18s., post free.

Price 17s. 6d.

Contents.
Introduction. The Rise and Progress of the Potter's Art.—Chapters I., Bodies. China

and Porcelain Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Morter Bodies,
Earthenwares Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays!
Coloured Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies,'
Body Stains, Coloured Dips.— II., Glazes. China Glazes, Ironstone Glazes, Earthenware
Glazes, Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours.—III.
Gold and Cold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Colour Bases,'
Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum Enamel'
Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours, Flow
Powders, Oils and Varnishes.—IV., Means and Methods. Reclamation of Waste Gold, The
Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold.—V., Classification and
Analysis. Classification of Clay Ware, Lord Playfair's Analysis of Clays, The Markets of the
World, Time and Scale of Firing, Weights of Potter's Material, Decorated Goods Count.—
VI., Comparative Loss of Weight of Clays.—VII., Ground Felspar Calculations.—VIII., The
Conversion of Slop Body Recipes into Dry Weight.—IX., The Cost of Prepared Earthenware
Clay.—X., Forms and Tables. Articles of Apprenticeship, Manufacturer's Guide to Stock-
taking, Table of Relative Values of Potter's Materials, Hourly Wages Table, Workman's
Settling Table, Comparative Guide for Earthenware and China Manufacturers in the Use of
Slop Flint and Slop Stone, Foreign Terms applied to Earthenware and China Goods, Table
for the Conversion of Metrical Weights and Measures on the Continent of South America.

CERAMIC TECHNOLOGY: Being some Aspects of Technical
Science as Applied to Pottery Manufacture. Edited by Charles F.
Binns. Price 12s. 6d. ; Colonies and Continent, 14s., post free.

Contents.
Preface.—Introduction.—Chapters I., The Chemistry of Pottery—II., Analysis and Syn-

thesis.—III., Clays and their Components.—IV., The Biscuit Oven.—V., Pyrometry—VI.,
Glazes and their Composition.—VII., Colours and Colour-making —Index.

COLOURING AND DECORATION OF CERAMIC WARE.
By Alex. Brongniart. With Notes and Additions by Alphonse
Salvetat. Translated from the French. 200 pages. Price 7s. 6d.,
strictly net, post free.

HOW TO ANALYSE CLAY. Practical Methods for Practical
Men. By Holden M. AshBy, Professor of Organic Chemistry. Price
2s. 6d., strictly net, post free.
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THE ART OF RIVETING QLA55, CHINA AND EARTHEN =

WARE. By J. Howarth. Second Edition. Price Is. ; by post. Is. 2d.

PAINTING ON GLASS AND PORCELAIN AND ENAMEL
PAINTING. A Complete Introduction to the Preparation of all the

Colours and Fluxes used for Painting on Porcelain, Enamel, Faience

and Stoneware, the Coloured Pastes and Coloured Glasses, together

with a Minute Description of the Firing of Colours and Enamels. On
the Basis of Personal Practical Experience of the Condition of the Art

up to Date. By Felix Hermann, Technical Chemist. With 18 Illus-

trations. Second, greatly Enlarged, Edition. Price 10s. 6d. ; Ger-

many, 12 mks. ; France and Belgium, 13 frs., post free.

Contents.
History of Glass Painting.—Chapters I., The Articles to be Painted: Glass, Porcelain,

.Enamel, Stoneware, Faience.—II., Pigments: i, Metallic Pigments: Antimony Oxide, Naples

Yellow, Barium Chromate, Lead Chromate, Silver Chloride, Chromic Oxide.— III., Fluxes:

Fluxes, Felspar, Quartz, Purifying Quartz, Sedimentation, Quenching, Borax, Boracic Acid v

Potassium and Sodium Carbonates, Rocaille Flux.— IV., Preparation of the Colours for Glass

Painting.—V., The Colour Pastes.—VI., The Coloured Glasses.—VII., Composition oi the

Porcelain Colours.—VIII., The Enamel Colours: Enamels for Artistic Work.—IX., Metallic

Ornamentation: Porcelain Gilding, Glass Gilding.—X., Firing the Colours: I, Remarks on

Firing : Firing Colours on Glass, Firing Colours on Porcelain ; 2, The Muffle —XL, Accidents

occasionally Supervening during the Process of Firing.—XII., Remarks on the Different

Methods of Painting on Glass, Porcelain, etc.—Appendix : Cleaning Old Glass Paintings.

Press Opinions.
" A reliable treatise on the preparation of the colours and fluxes, with exhaustive quantitative

recipes, and minute descriptions of the firing of colours and enamels, is of no small technical

importance, and emanating from so distinguished an authority as Felix Hermann, Brongniart s

successor in the direction of the Sevres manufactory, merits the earnest study of all engaged in

the porcelain and kindred industries in England. ... In every district of England where art

porcelain and glass is manufactured this treatise should be widely circulated, and its contents

made familiar to all engaged, in whatever capacity, in the trade."

—

Leeds Mercury.
" The whole cannot fail to be both of interest and service to glass workers and to potters

generally, especially those employed upon high-class work."

—

Staffordshire Sentinel.

A Reissue of THE HISTORY OF THE STAFFORDSHIRE
POTTERIES; AND THE RISE AND PROGRESS OF THE
MANUFACTURE OF POTTERY AND PORCELAIN. With
References to Genuine Specimens, and Notices of Eminent Potters.

By Simeon Shaw. (Originally Published in 1829.) Price 7s. 6d.,

strictly net, post free ; Abroad, 9s.

Contents.
Introductory Chapter showing the position of the Pottery Trade at the present time

{1899).—Chapters I., Preliminary Remarks.— II., The Potteries, comprising Tunstall,

Brownhills, Greenfield and New Field, Golden Hill, Latebrook, Green Lane, Burslem,

Longport and Dale Hall, Hot Lane and Cobridge, Hanley and Shelton, Etruria, Stoke, Penk-

hull, Fenton, Lane Delph, Foley, Lane End.—III., On the Origin of the Art, and its

Practice among the early Nations.—IV., Manufacture of Pottery, prior to 1700.—V., The
Introduction of Red Porcelain by Messrs. Elers, of Bradwell, 1690.—VI., Progress of

the Manufacture from 1700 to Mr. Wedgewood's commencement in 1760.—VII., lntroduc=
tion of Fluid Glaze. Extension of the Manufacture of Cream Colour.—Mr. Wedgwood's
Queen's Ware.—Jasper, and Appointment of Potter to her Majesty.—Black Printing.—VIII.,

Introduction of Porcelain. Mr. W. Littler's Porcelain.—Mr, Cook-worthy's Discovery of

Kaolin and Petuntse, and Patent.—Sold to Mr. Champion—resold to the New Hall Com.

—

Extension of Term.—IX.. Blue Printed Pottery. Mr. Turner, Mr. Spode (1), Mr. Baddeley,

Mr. Spode (2), Messrs. Turner, Mr. Wood, Mr. Wilson, Mr. Minton.—Great Change in

Patterns of Blue Printed.—X., Introduction of Lustre Pottery. Improvements in Pottery

and Porcelain subsequent to 1800.

Press Opinions.
" This work is all the more valuable because it gives one an idea of the condition of affairs

existing in the north of Staffordshire before the great increase in work and population due to

modern developments."

—

Western Morning News.
" The book will be especially welcomed at a time when interest in the art of pottery manu-

facture commands a more widespread and general interest than at any previous time."

—

Wolver-

hampton Chronicle.
" Copies of the original work are now of considerable value, and the facsimile reprint now issued

cannot but prove of considerable interest to all interested in the great industry."

—

Derby Mercury.
" There is much curious and useful information in the work, and the publishers have rendered

the public a service in reissuing it."

—

Burton Mail.
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A Reissue of THE CHEMISTRY OF THE SEVERAL
NATURAL AND ARTIFICIAL HETEROGENEOUS COM=POUNDS USED IN MANUFACTURING PORCELAIN,
GLASS, AND POTTERY. By Simeon Shaw. (Originally
Published in 1837.) Price 17s. 6d. ; Colonies and Continent, 18s.,
strictly net, post free.

Contents.
PART I., ANALYSIS AND MATERIALS-Chapters I., Introduction: Laboratory and

Apparatus
;
blements : Combinative Potencies, Manipulative Processes for Analysis andKeagents Pulverisation, Blow-pipe Analysis, Humid Analysis, Preparatory Manipulations

Oeneral Analytic Processes, Compounds Soluble in Water, Compounds Soluble only in
Acids, Compounds (Mixed) Soluble in Water, Compounds (Mixed) Soluble in Acids, Compounds
(Mixed) Insoluble, Particular Analytic Processes— II., Temperature : Coal, Steam Heat for
Printers Stoves— III., Acids and Alkalies: Boracic Acid, Muriatic Acid, Nitric Acid Sul-
phuric Acid, Potash, Soda, Lithia, Calculation of Chemical Separations—IV., The Earths-
Alumine, Clays, Silica, Flint, Lime, Plaster of Paris, Magnesia, Barvtes, Felspar, Grauen (or
China Stone) China Clay, Chert—V., Metals : Reciprocal Combinative Potencies of the Metals
Antimony, Arsenic, Chromium, Green Oxide, Cobalt, Chromic Acid, Humid Separation of
Nickel from Cobalt, Arsenite of Cobalt, Copper, Gold, Iron, Lead, Manganese, Platinum, Silver
tin, zinc.
PART II SYNTHESIS AND COMPOUNDS.-Chapters I., Sketch of the Origin and

Progress of the Art -II., Science of Mixing; : Scientific Principles of the Manufacture Com-
binative Potencies of the Earths.— III., Bodies : Porcelain—Hard, Porcelain—Fritted Bodies
Porcelain—Raw Bodies, Porcelain-Soft, Fritted Bodies, Raw Bodies, Stone Bodies, Ironstone'
Dry Bodies, Chemical Utensils, Fritted Jasper, Fritted Pearl, Fritted Drab, Raw Chemical
Utensils, Raw Stone, Raw Jasper, Raw Pearl, Raw Mortar, Raw Drab, Raw Brown Raw FawnKaw Cane, Raw Red Porous, Raw Egyptian, Earthenware, Queen's Ware, Cream Colour, Blue
and Fancy Printed, Dipped and Mocha, Chalky, Rings, Stilts, etc.— IV., Glazes: Porcelain-
Hard Fritted Porcelain—Soft Fritted, Porcelain-Soft Raw, Cream Colour Porcelain, Blue
Printed Porcelain Fritted Glazes, Analysis of Fritt, Analysis of Glaze, Coloured Glazes, Dips,
Smears and VVashes

;
Glasses: Flint Glass, Coloured Glasses, Artificial Garnet, Artificial

Emerald, Artificial Amethyst, Artificial Sapphire, Artificial Opal, Plate Glass, Crown Glass
Broad Glass, Bottle Glass, Phosphoric Glass, British Steel Glass, Glass-Staining and Painting
Engraving on Glass, Dr. Faraday's Experiments.— V., Colours: Colour Making, Fluxes or
Solvents Components of the Colours; Reds, etc., from Gold, Carmine or Rose Colour,
Purple, Reds, etc., from Iron, Blues, Yellows, Greens, Blacks, White, Silver for Burnishing
Gold for Burnishing, Printer's 01, Lustres.

C T-AK,rR C
ni

r,' ?
A

.

BLES
D
OF THE CHARACTERISTICS OF CHEMICAL SUB-STANCES.—Preliminary Remarks, Oxygen (Tables), Sulphur and its Compounds, Nitrogen

ditto, Chlorine ditto, Bromine ditto, Iodine ditto, Fluorine ditto, Phosphorus ditto Boron ditto
Carbon ditto. Hydrogen ditto, Observations, Ammonium and its Compounds (Tables^ Thorium
ditto, Zirconium ditto, Aluminium ditto, Yttrium ditto, Glucinum ditto, Magnesium ditto
Calcium ditto, Strontium ditto, Barium ditto, Lithium ditto, Sodium and its Compounds'
Potassium ditto, Observations, Selenium and its Compounds (Tables), Arsenic ditto, Chromium
ditto, Vanadium ditto, Molybdenum ditto, Tungsten ditto, Antimony ditto, Tellurium ditto
Tantalum ditto, Titanium ditto, Sihcium ditto, Osmium ditto, Gold ditto, Iridium ditto Rhodium
ditto, Platinum ditto, Palladium ditto, Mercury ditto, Silver ditto, Copper ditto, Uranium ditto
Bismuth aud its Compounds, Tin ditto, Lead ditto, Cerium ditto, Cobalt ditto, Nickel ditto'
Iron ditto Cadmium ditto, Zinc ditto, Manganese ditto, Observations, Isomorphous Groups'
Isomeric ditto, Metameric ditto, Polymeric ditto, Index.

ENAMELS AND ENAMELLING. An Introduction to the
Preparation and Application of all Kinds of Enamels for Technical
and Artistic Purposes. For Enamel Makers, Workers in Gold and
Silver, and Manufacturers of Objects of Art. By Paul Randau.
Translated from the German. With 16 Illustrations. Price 10s. 6d.

;

Abroad, 12s., strictly net, post free.

Contents.
I., Introduction.— II., Composition and Properties of Glass.— III., Raw Materials for the

Manufacture of Enamels.— IV., Substances Added to Produce Opacity.—V., Fluxes VI Pig-
ments.—VII., Decolorising Agents.— VIII., Testing the Raw Materials with the Blow-pipeHame.—IX., Subsidiary Materials.—X., Preparing the Materials tor Enamel Making —XI
Mixing the Materials.—XII., The Preparation of Technical Enamels : The Enamel Mass!—XII I., Appliances for Smelting the Enamel Mass.—XIV., Smelting the Charge.—XV Com-
position of Enamel Masses,—XVI., Composition of Masses for Ground Enamels.—XVII
Composition of Cover Enamels.—XVIII., Preparing- the Articles for Enamelling.—XIX

'

Applying the Enamel.—XX., Firing the Ground Enamel.—XXL, Applying and Firing the
Cover Enamel or Glaze.—XXII., Repairing Defects in Enamelled Ware.—XXIII Enamelling
Articles of Sheet Metal.—XXIV., Decorating Enamelled Ware.—XXV., Specialities in
Enamelling.—XXVI., Dial-plate Enamelling.—XXVII.. Enamels for Artistic Purposes- Re-
cipes for Enamels of Various Colours.—Index.
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Books on Textile Subjects.
THE TECHNICAL TESTING OF YARNS AND TEXTILE

FABRICS, with Reference to Official Specifications. Translated

from the German of Dr. J. Herzfeld. With 69 Illustrations. Price

10s. 6d. ; France and Belgium, 13 frs.
; Colonies, 12s., post free.

Contents.
Yarn Testing. III., Determining- the Yarn Number.— IV., Testing the Length

of Yarns.—V., Examination of the External Appearance of Yarn.— VI., Determining
the Twist of Yarn and Twist.

—

VII., Determination of Tensile Strength and
Elasticity.—VIII., Estimating the Percentage of Fat in Yarn.—IX., Determination
of Moisture (Conditioning).

—

Appendix.

Press Opinions.
" The author has endeavoured to collect and arrange in systematic form for the first time ill

the data relating to both physical and chemical tests as used throughout the whole of the
textile industry, so that not only the commercial and textile chemist who has frequently to
reply to questions on these matters, but also the practical manufacturer of textiles and' his
subordinates, whether in spinning, weaving, dyeing, and finishing, are catered for. . . . The
book is profusely illustrated, and the subjects of these illustrations are clearly described."

—

Textile Manufacturer.
" This is probably the most exhaustive book published in English on the subject dealt with.

. . . We have great confidence in recommending the purchase of this book by all manufacturers
of textile goods of whatever kind, and are convinced that the concise and direct way in which it

is written, which has been admirably conserved by the translator, renders it peculiarly adapted
for the use of English readers."

—

Textile Recorder.

" A careful study of this book enables one to say with certainty that it is a standard work on
the subject. Its importance is enhanced greatly by the probability that we have here, for the
first time in our own language, in one volume, a full, accurate, and detailed account, by a prac-
tical expert, of the best technical methods for the testing of textile materials, whether in the
raw state or in the more or less finished product."

—

Glasgow Herald.

" It would be well if our English manufacturers would avail themselves of this important
addition to the extensive list of German publications which, by the spread of technical infor-
mation, contribute in no small degree to the success, and sometimes to the supremacy, of
Germany in almost every branch of textile manufacture."

—

Manchester Courier.

DECORATIVE AND FANCY TEXTILE FABRICS. With
Designs and Illustrations. By R. T. Lord. A Valuable Book for

Manufacturers and Designers of Carpets, Damask, Dress and all

Textile Fabrics. Price 7s. 6d. ; Other Countries, 9s., post free.

Contents.
Chapters I., A few Hints on Designing Ornamental Textile Fabrics.— II., A few Hints on

Designing Ornamental Textile Fabrics (continued).

—

III., A few Hints on Designing Orna-
mental Textile Fabrics (continued).—IV., A few Hints on Designing Ornamental Textile
Fabrics (continued).—V., Hints for Ruled-paper Draughtsmen.—VI., The Jacquard Machine.

—

VII., Brussels and Wilton Carpets.

—

VIII., Tapestry Carpets.— IX., Ingrain Carpets.—X.
Axminster Carpets.—XL, Damask and Tapestry Fabrics.—XII., Scarf Silks and Ribbons.

—

XIII., Silk Handkerchiefs.—XIV., Dress Fabrics.—XV., Mantle Cloths.—XVI., Figured Plush-
—XVII., Bed Quilts.—XVIII.—Calico Printing.

Press Opinions.
" The book is to be commanded as a model manual, appearing at an opportune time, since

every day is making known a growing desire for development in British industrial art."

—

Dundee Advertiser.
"Those engaged in the designing of dress, mantle tapestry, carpet and other ornamental

textiles will find this volume a useful work of reference."

—

Leeds Mercury.
" The writer's avocation is that of a designer for the trade, and he therefore knows what he

is writing about. . . . The work is well printed and abundantly illustrated, and for the author's
share of the work we have nothing but commendation. It is a work which the student designer
will find thoroughly useful."

—

Textile Mercury.
" Designers especially, who desire to make progress in their calling, will do well to take the

hints thrown out in the first four chapters on ' Designing Ornamental Textile Fabrics '."—
Nottingham Daily Guardian.

" The book can be strongly recommended to students and practical men."

—

Textile Colorist.
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THE PROPERTY OF

BERTRAMS LIMITED, 8CIENNE8, EDINBURGH.

NOT TO BE REMOVED,
POWER-LOOM WEAVING AND YARN NUMBERING,

according to various Systems, with Conversion Tables. An Auxiliary
and Text-book for Pupils of Weaving Schools, as well as for self-
instruction and for general use, by those engaged in the Weaving
Industry. Translated from the German of Anthon Gruner. With
Coloured Diagrams. Price 7s. 6d. ; Abroad, 9s., strictly net, post
free.

Contents.
I., Power=Loom Weaving in General. Various Systems of Looms.— II., Mountingand Starting- the Power = Loom. English Looms.—Tappet or Treadle Looms.—Dobbies.—

it '« . !L
erJ

L
Remarks on the Numbering, Reeling and Packing of Yarn.—Appendix.—

Useful Hints. Calculating Warps.—Weft Calculations.—Calculations of Cost Price in Hanks.

Press Opinions.
".This work brings before weavers who are actually engaged in the various branches of

fabrics, as well as the technical student, the different parts of the general run of power-looms in
such a manner that the parts of the loom and their bearing to each other can be readily under-
stood.

. .
The work should prove of much value, as it is in every sense practical, and is put

°r
£u

rea
?
er ln such a clear manner that it: can be easily understood."— Textile Industries.

' The work has been clearly translated from the German and published with suitable
illustrations.

. . . The author has dealt very practically with the subject."—Bradford Daily
Telegraph. J J

"The book, which contains a number of useful coloured diagrams, should prove invaluable
to the student, and its handy form will enable it to become a companion more than some cum-
brous work."

—

Cotton Factory Times.
"The book has been prepared with great care, and is most usefully illustrated. It is a capital

text-book for use in the weaving schools or for self-instruction, while all engaged in the weaving
industry will find its suggestions helpful."—Northern Daily Telegraph.

THE COLOUR PRINTING OF CARPET YARNS. A Useful
Manual for Colour-Chemists and Textile Printers, by David Paterson,
F.C.S. 132 pp. Illustrated. Price 7s. 6d. ; Abroad, 9s., strictly net,
post free.

Contents.
Chapters I., Structure and Constitution of Wool Fibre.—II., Yarn Scouring.—III. Scouring

Materials.—IV., Water for Scouring.—V., Bleaching Carpet Yarns.—VI.. Colour Making for
\arn Printing.—VII., Colour Printing Pastes.—VIII., Colour Recipes for Yarn Printing.—
IX., Science of Colour Mixing.—X., Matching of Colours—XL, "Hank" Printing—XIIP"ntln» Ta Pestry Carpet Yams.—XIII., Yarn Printing.—XI V., Steaming Printed Yarns.—
™VT

hashing of Steamed Yarns.—XVI., Aniline Colours suitable for Yarn Printing —
XVII., Glossary of Dyes and Dye-wares used in Wood Yarn Printing.—Appendix.

Press Opinions.
" The subject is very exhaustively treated in all its branches. . . . The work, which is very

well illustrated with designs, machines, and wool fibres, will be a useful addition to our textile
literature."

—

Northern Whig.
" The book is worthy the attention of the trade.!'—Worcester Herald.
" An eminent expert himself, the author has evidently strained every effort in order to make

his work the standard guide of its class"—Leicester Post.
" It gives an account of its subject which is both valuable and instructive in itself, and likely

to be all the more welcome because books dealing with textile fabrics usually have little or
nothing to say about this way of decorating them."—Scotsman.

" The work shows a thorough grasp of the leading characteristics as well as the minutia: of
the industry, and gives a lucid description of its chief departments. ... As a text-book in
technical schools where this branch of industrial education is taught the book is valuable,
or it may be perused with pleasure as well as profit by any one having an interest in textile
industries."

—

Dundee Courier.
" The treatise is arranged with great care, and follows the processes described in a manner

at once clear and convincing."

—

Glasgow Record.
" The book bears every mark of an extensive practical knowledge of the subject in all its

bearings, and supplies a real want in technical literature. Chapters IX. and X., on the science
of colour mixing and colour matching respectively, are especially good, and we do not remember
to have seen the bearing of various kinds of light, and of the changes from one kind of light to
another on the work of the colourist, so well treated elsewhere."—Dyer and Calico Printer.

" It is thoroughly practical, and contains much information which has not hitherto appeared
in book form. It is pleasing to note that the practical part is not crowded out with purely
' practical recipes '. A few typical examples are given, and the rest is left to the common sense
and judgment of the printer or works' chemist. Another pleasing feature is the accounts given
here and there of the author's Own researches on the subject. The work will be of interest to
printers of wool generally, and to those engaged in the dyeing of this fibre."—Journal of the
Society of Dyers and Colourists.
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THE SCIENCE OF COLOUR MIXING. A Manual in-

tended for the use of Dyers, Calico Printers and Colour Chemists.

By David Paterson, F.C.S. Forty-one Illustrations, five Coloured

Plates, and four Plates showing eleven Dyed Specimens of Fabrics.

Price 7s. 6d. ; Abroad, 9s., strictly net, post free.

Contents.
Chapters I Colour a Sensation; Colours of Illuminated Bodies; Colours of Opaque and

Transparent Bodies; Surface Colour.— II., Analysis of Light; Spectrum; Homogeneous

Colours Ready Method of Obtaining a Spectrum.— III., Examination of Solar Spectrum ;

The Spectroscope and its Construction ;
Colourists' Use of the Spectroscope.—IV., Colour by

Absorption- Solutions and Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight. -V., Colour

Primaries of the Scientist versus the Dyer and Artist; Colour Mixing by Rotation and Lye

Dyein^- Hue Purity, Brightness; Tints; Shades, Scales, Tones, Sad and Sombre Colours.—

VI Colour Mixing; Pure and Impure Greens, Orange and Violets; Large Variety of Shades

from Few Colours; Consideration of the Practical Primaries: Red, Yellow and Blue.—VII.,

Secondary Colours; Nomenclature of Violet and Purple Group: Tints and Shades of Violet

;

Changes in Artificial Light.—VIII., Tertiary Shades; Broken Hues; Absorption Spectra of

Tertiary Shades.—Appendix : Four Plates with Dyed Specimens illustrating Text—Index.
I I

Books on Plumbing.
EXTERNAL PLUMBING WORK. A Treatise on Lead Work

for Roofs. By John W. Hart, R.P.C. Price 7s. 6d. ; Other Countries,

8s., strictly net, post free

List of Chapters.
Chapters I., Cast Sheet Lead.— II., Milled Sheet Lead.— III., Roof Cesspools.—IV., Socket

Pipes _v Drips.—VI., Gutters.—VII., Gutters (continued).—VIII., Breaks.—IX., Circular

Breaks—X ,
Flats.—XI., Flats (continued).—XII., Rolls on Flats.—XIII., Roll Ends.—XIV.,

Roll Intersections.—XV., Seam Rolls.—XVI., Seam Rolls (continued).—XVII., Tack Fixings.

—XVIII Step Flashings.—XIX., Step Flashings (continued).—XX., Secret Gutters.—XXI.,

Soakers—XXII., Hip and Valley Soakers.—XXIII., Dormer Windows.—XXIV., Dormer

Windows (continued).—XXV., Dormer Tops.—XXVI., Internal Dormers.—XXVII., Skylights.

—XXVIII., Hips and Ridging—XXIX., Hips and Ridging (continued).—XXX., Fixings for

Hips and Ridging.—XXXI., Ornamental Ridging.—XXXII., Ornamental Curb Rolls.—XXXIII.,

Curb Rolls.—XXXIV., Cornices.—XXXV., Towers and Finials.—XXXVI., Towers and Finials

(continued).—XXXVII., Towers and Finials (continued).—XXXVIII., Domes.—XXXIX.,Domes
(continued).—XL., Ornamental Lead Work.—XLL, Rain Water Heads.—XLIL, Rain Water

Heads (continued).—XLIII., Rain Water Heads (continued).

Press Opinions.
" The publication of this book will do much to stimulate attention and study to external

plumbing work, for it is a book which we can heartily recommend to every plumber, both old

and young, who desires to make himself proficient in the several branches of his trade. We
can heartily recommend the book to plumbers and architects."

—

Sanitary Record.

" This is an eminently practical and well-illustrated volume on the management of external

lead work."

—

Birmingham Daily Post.

" It is thoroughly practical, containing many valuable hints, and cannot fail to be of great

benefit to those who have not had large experience."

—

Sanitary Journal.

" With Mr. Hart's treatise in his hands the young plumber need not be afraid of tackling

outside work. He would do well to study its pages at leisure, so that he may be ready for it

when called upon."

—

Ironmongery.

" Works on sanitary plumbing are by no means rare, but treatises dealing with external

plumbing work are sufficiently scarce to ensure for Mr. Hart's new publication a hearty recep-

tion."

—

The Ironmonger.

HINTS TO PLUMBERS ON JOINT WIPING, PIPE
BENDING AND LEAD BURNING. Second Edition, Revised

and Corrected. By John W. Hart, R.P.C. Over 300 pages, Illus-

trated. Price 7s. 6d. ; Other Countries, 8s., strictly net, post free.
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List of Chapters.
x Introduction -Chapters I., Pipe Bending.-II., Pipe Bending (continued) -III PineR^n

n
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<continued).-XXIII., Block Joints.-XXIV., Block Joints (cont nued).-
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/
agal J° illts- pi Pe Fixings.-XXYH., Large Branch

or Lead^Burning." ^ Underhand Jomts.-XXIX., Solders.-XXX., Autogenous Soldering

Press Opinions.
" Rich in useful diagrams as well as in hints."—Liverpool Mercwy.

resoert of snfr ^nftl
nd we "-done P^«ical book. It is freely illustrated and is a reliable help inrespect of some of the most awkward work the young plumber has to perform."-^ Ironmonger.
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andgomuchfurtherinto the mysteries they describetftan the title Hints properly suggests."—Scotsman.
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author g° es "^ a thoroughness that is full of suggestion to even
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enenced workman. There is no one who has to do with plumbing but could readtne book with profit. —Ironmongery.

HOPS IN THEIR BOTANICAL, AGRICULTURAL AND
TECHNICAL ASPECT, AND AS AN ARTICLE OF COM=
MERCE. By Emmanuel Gross, Professor at the Higher Agricul-
tural College, Tetschen-Liebwerd. Translated from the German. 78
Illustrations. Price 12s. 6d. ; Abroad, 14s., strictly net, post free.

Contents.
PART I., HISTORY OF THE HOP.
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WORKS IN PREPARATION

A HISTORY OF DECORATIVE ART. For Designers,

Decorators and Workmen. [Nearly Ready.

HOUSE DECORATING AND PAINTING. A Handbook for

Painters and Decorators. [Nearly Ready.

J

THE PRINCIPLES AND PRACTICE OF DIPPING, BUR-
NISHING AND BRONZING BRASS WORK. [Nearly Ready $H

WAXES.

AGRICULTURAL CHEMISTRY.

THE MANUFACTURE OF BRUSHES OF EVERY DES=
CRIPTION.

THE ART AND PRACTICE OF BLEACHING.
[In the Press.

THE MANUFACTURE OF LEATHER. Translated from the

French of M. Villon. [In the Press.

A TREATISE ON THE CERAMIC INDUSTRY. By
Emille Bourry.

MINING SAFETY APPLIANCES.

COLOUR MATCHING ON TEXTILES. A Manual intended

for the use of Students of Colour Chemistry, Dyeing and Textile

Printing. By David Paterson, F.C.S.
i
iMr

ARCHITECTURAL POTTERY—BRICKS, TILES, PIPES
ENAMELLED TERRA=COTTAS AND ARCHITECTURAL
STONEWARE. By Leon Lefevre. 950 Illustrations.

THE DYEING OF PAPER PULP. By Erfurt and
Hubner. * With 145 Specimens of Dyed Papers.
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TECHNOLOGY OF PETROLEUM. By Neuburger and
Noalhat. [In the Press.

HOT WATER SUPPLY. [In the Press.

THE RONTJEN RAYS IN MEDICAL PRACTICE.

CONTINENTAL PATENTS FOR GAS APPARATUS.

SULPHATES OF IRON AND ALUMINIUM AND ALUM
INDUSTRY. By L. Geschwind.

RESINS AND BALSAMS.

DYEING OILS, OIL BOILING, LIQUID AND jCOMPOUND
DRYERS. By L. E. Andes. 42 Illustrations.

SCOTT, GREENWOOD & CO.
are Publishers of the following old-established and well-known

Trade Journals :

—

THE OIL AND COLOURMAN'S JOURNAL. The Organ
of the Oil, Paint, Drysaltery and Chemical Trades. Home Subscrip-

tion, 7s. 6d. per year; United States, $2; Other Countries, 10s. per

year.

THE POTTERY GAZETTE. For the China and Glass Trades.

Home Subscription, 7s. 6d. per year; United States, *2 ; Other Coun-

tries, 10s. per year.

THE HATTERS' GAZETTE. Home Subscription, 6s. 6d. per

year; United States, §2; Other Countries, 9s. per year.

THE DECORATORS' GAZETTE AND PLUMBERS'
REVIEW Home Subscription, 6s. 6d. per year; United States. $2

Other Countries, 9s.

19 Ludgate Hill, London, E.C.

1 6/6/ 1 900.
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